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THE  APPRAISAL  OF  URBAN  RESIDEOTIAL  PROPERTY:    A  THEORETICAL 
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Chairman:    Clayton  C.  Curtis 

Major  Department:    Real  Estate  and  Urban  Land  Studies 

The  inquiry  identifies  two  basic  weaknesses  of  conventional 
real  estate  appraisal  methodology,  namely,  inconsistent  replication  of 
solutions  to  valuation  problems  and  the  lack  of  reliable  knowledge 
regarding  value  relationships.    A  major  contention  of  the  study  is  that 
these  manifested  weaknesses  of  current  appraisal  practice  are  mainly 
attributable  to  the  compound  analogy  type    of  logical  arguirient  used  to 
infer  the  value  conclusions. 

The  purpose  of  the  research  is  to  investigate  the  nature  of 
price  determination  in  an  urban  residential  housing  market  which  appears 
to  be  characterized  by  a  bilateral  oligopoly  structure.    A  more  specific 
aim  is  to  examine  the  plausibility  and  feasibility  of  a  model  which  can 
predict  or  forecast  urban  residential  sale  prices  with  an  acceptable 
degree  of  reliability. 

The  basic  appraisal  problem  is  how  to  explain  the  level  and 
structure  of  prices  in  a  defined  urban  residential  market.    To  guide 
the  inquiry,  a  theory  of  urban  residential  price  determination  is  postu- 
lated, and  the  following  main  hypothesis  is  tested: 

Y  =  f  (ix  +  e  I  S,  D,  Kj^),  where:    Y  =  expected  or  probable  urban  resi- 
dential sale  price  J  Xj_  =  dimensions  of  the  product,  viz.,  iiaprovements. 
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site,  neighborhood  and  location;  e  =•  error  term,  assumed  to  be 
normally  distributed;  I  S,  D,       =  supply  and  demand  conditions  and 
other  market  factors,  which  are  assumed  to  be  relatively  stable  during 
the  period  under  investigation. 

Surrogate  variables  for  the       dimensions  of  the  product  are 
postvilated  as  statistical  hypotheses,  and  tested  in  a  classical  linear 
multiple  regression  model,  using  least  squares  estimating  techniques. 
The  data  for  the  test  was  based  on  a  sample  of  l63  observations  from 
the  Gainesville,  Florida,  housing  market.    All  transactions  during  the 
period  October,  1970,  through  March,  1971,  were  included  in  the  sample 
if  they  were  in  the  defined  universe.    The  sample  comprised  about  70 
percent  of  the  transactions  during  the  period. 

Many  variables  were  examined  as  linear  and  non-linear  rela- 
tions.   Based  on  specified  criteria  and  the  use  of  a  combination  of 
selection  procedures,  a  model  containing  the  following  variables  was 
selected:    quantity  of  the  basic  living  area,  adjusted  quantity  of  the 
auxiliary  components  of  the  improvement,  quality  of  constniction  index, 
chronological  age  of  improvement,  lot  size,  extent  of  site  facilities 
(dummy),  neighborhood  rating  (dummies),  distance  from  the  University 
(quadratic  function),  distance  from  the  adverse  influence  of  heavy 
manufacturing  (quadratic),  and  a  diommy  "area  of  the  city"  variable. 
All  relations  were  statistically  significant  at  the  5  percent  level, 
based  on  conventional  tests. 

Due  to  the  collinear  nature  of  the  data,  the  model  provides 
little,  if  any,  reliable  knowledge  regarding  the  "tirue"  nature  of  the 
relationships  affecting  price  determination  and  the  structure  of  the 
market.    However  the  multicollinearity  problem  may  not  limit  the  relia- 
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bility  of  the  model  for  prediction  purposes.    The  adjusted  coefficient 
of  determination  and  the  standard  error  of  the  estimate  for  the  model 
were  0.9^  and  $1380  respectively,  based  on  a  price  range  of  $15,000  to 
$ll5,000.    The  equation  was  verified  by  predicting  "extra-sample" 
observations,  testing  the  stability  of  the  parameter  estimators  over 
the  sample  space  (viz.,  time  and  area),  and  testing  the  assumptions  of 
the  model. 

The  main  conclusions  of  the  study  are:    the  results  of  the 
model  are  consistent  with  the  main  hypothesis  and  postulated  theory  of 
market  behavior;  the  model  is  localized  and  static;  the  multicollin- 
earity  problem  needs  to  be  investigated  by  other  research  methods  and 
procedures;  the  high  coefficient  of  determination  and  low  standard 
error  of  the  estimate  tentatively  suggest    that  a  predictive  regression 
model  of  urban  residential  price  determination  is  plausible,  and 
warrants  further  investigation. 
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CHAPTER  I 


INTRODUCTION 
The  Problem 

An  ijmportant  task  of  real  estate  appraisers  is  to  estimate  the 
market  value  of  urban  residential  property.    There  is  evidence  that 
conventional  appraisal  methodology  does  not  yield  consistent  solutions 
to  appraisal  problems."^    The  value  estimate  is  not  consistently  repli- 
cated if  processed  by  several  appraisers  and  inconsistent  results  are 

frequently  obtained  by  a  single  appraiser  using  the  three  conventional 

2 

methods  of  deriving  a  value  conclusion. 

The  replication  problem  is  manifested  in  current  appraisal 
practice  by  the  divergent  conclusions  frequently  obtained  by  the  alter- 
native approaches  to  value,  namely,  cost,  income  and  market  methods. 
To  render  a  single  estimate  of  value  -  for  which  no  reliability  or 
confidence  index  is  currently  stated  -  it  is  necessary  to  weigh, 
analyze  and  synthesize  the  three  individual  estimates  in  order  to 

■'-Richard  U.  Ratcliff,  "A  Restatement  of  Appraisal  Theory," 
Wisconsin  Commerce  Reports,  University  of  Wisconsin  at  Madison,  1963> 
Vol.  VII,  No.  1. 

Paul  F.  Wendt,  Real  Estate  Appraisal;    A  Critical  Analysis 
of  Theory  and  Practice,  New  York,  1956. 
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obtain  a  final  value  conclusion.  One  can  scarcely  expect  consistent 
appraisal  conclusions  if  the  final  estimate  is  based  on  divergent  in- 
dications of  value  via  the  alternative  methods. 

The  problem  is  also  painfully  evident  in  condemnation  proceed- 
ings where  opposing  appraisers  -  testifying  as  expert  witnesses  for  the 
property  owner  and  condemning  authority  -  frequently  state  widely  dif- 
ferent conclusions  as  to  the  value  of  the  property  being  condemned. 
Fee  appraisers  also  frequently  have  substantial  errors  in  their  value 
estimates  vis-a-vis  actual  sale  prices.    These  inconsistencies  -  be- 
tween two  appraisers  valuing  the  same  property  and  between  appraised 
value  and  actual  sale  price  -  seriously  challenge  the  competence  of 
appraisers  and  impugn  the  image  of  the  appraisal  fraternity. 

A  second  basic  weakness  of  current  appraisal  methodology  is 

that  it  provides  unreliable  knowledge  of  the  factors  influencing  resi- 

h 

dential  price  determination  and  Hko  nature  of  the  relationships. 
Although  this  problem  does  not  appear  to  be  widely  appreciated  by  the 
real  estate  community,  the  two  problems  are  clearly  related:    a  better 
understanding  of  the  basic  factors  and  relationships  affecting  prices 
should  enable  appraisers  to  infer  conclusions  which  can  be  consistently 
replicated. 

A  major  contention  of  this  study  is  that  these  two  problems 
are  attributable  to  the  analytical  procedure  conventionally  used  to 
derive  the  value  conclusion,  namely,  the  compound  analogy  type  of  logical 
argument.  . 


American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 

^Richard  U.  Ratcliff,  "Real  Estate  Valuation  and  Highway  Con- 
demnation Awards,"  irfisconsin  Commerce  Reports,  University  of  Wisconsin 
at  Madison,  1966,  Vol.  VII,  Ho.  6. 
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compound  analogy 


The  following  diagram  illustrates  the  logical  pattern  of  a 
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The  information  contained  in  the  premises,  indicated  by  solid 

lines,  provides  the  basis  for  the  probable  inference,  indicated  by  the 

broken  line.    The  strength  of  the  argument  depends  on  the  number  of 

basic  analogues,  and  the  degree  and  extent  of  comparability  between  the 

basic  and  derivative  analogues.    An  outstanding  feature  of  current 

appraisal  methodology  is  that  the  number  of  basic  analogues  is  small, 
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frequently  as  few  as  three  or  four;      while  a  well-known  characteristic 

of  the  real  estate  market  is  the  great  heterogeneity  of  the  product  to 
7 

be  appraised.      Under  these  conditions,  it  is  not  surprising  that  incon- 
sistent value  conclusions  are  frequently  obtained  when  the  compound 
analogy  is  used  as  the  logical  argument  for  the  inference. 


Maylon  H.  flepp.  Thinking  Things  Through;    An  Introduction  to 
Logic,  New  York,  19%. 

^American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 

7 

Alfred  A.  Ring,  Real  Estate  Principles  and  Practices,  6th 
ed.,  Englewood  Cliffs,  N.J.,  19571 
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Regardless  of  the  form  of  the  logical  argument,  the  fundamen- 
tal appraisal  problem  remains  the  same,  namely,  how  to  explain  the 

level  and  structiire  of  urban  residential  prices  in  a  market  which 
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appears  to  be  characterized  by  a  bilateral  oligopoly  structure. 
Since  the  appraiser  does  not  determine  value  but  merely  seeks  to  meas- 
ure it,  the  appraisal  process  should  be  a  model  of  the  market  mechanism 
to  the  extent  feasible,  or  at  least  those  variables  influencing  price 
variations  should  be  identified  and  their  effects  measured.    The  model 
must  in  the  final  analysis  cope  with  two  formidable  dimensions  of  the 
problem:     the  indeterminancy  of  price  due  to  the  market  structiire  and 
the  great  heterogeneity  of  the  commodity. 

In  sum,  Professors  Ratcliff,  V/endt  and  others  have  seriously 
questioned  the  efficacy  of  real  estate  appraisal  theory  and  practice. 
A  major  contention  of  the  study  is  that  the  manifested  weaknesses  of 
appraisal  practice  are  attributable  to  the  compound  analogy  type  of 
logical  argxunent  currently  used  to  infer  the  value  conclusion.  The 
existence  and  significance  of  the  problems  dealt  with  in  the  inquiry, 

and  the  pointed  need  for  basic  research  in  appraisal  theory  and  method- 

9 

ology,  have  been  generally  acknowledged. 


George  J.  Stigler,  The  Theory  of  Price,  3d  ed..  New  York, 

1966. 

^See:    Edward  F.  Renshaw,  "Scientific  Appraisal,"  National 
Tax  Journal,  XI,  No.  h.  (1958),  and  VJilliam  C.  Pendleton,  Jr., 
"Statistical  Inference  in  Appraisal  and  Assessment,"  The  Appraisal 
Journal,  XXXIII  (January,  1965). 
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Purpose  of  the  Research  and  Hypotheses  to  Be  Tested 

The  pui-pose  of  the  research  is  to  investigate  the  nature  of 
price  determination  in  the  urban  residential  housing  market.    To  guide 
the  inquiry,  a  theory  of  urban  residential  price  determination  is  pos- 
tulated, based  on  a    priori  premises,  conventional  economic  theory  and 
empirical  generalizations  from  experience  and  observation.  Consistent 
with  the  theory  of  market  behavior,  lesser  generalizations  and  predic- 
tive hypotheses  are  postulated  and  empirically  tested  by  induction. 
If  the  hypotheses  are  determined  to  be  statistically  significant,  i.e., 
the  null  hypothesis  is  rejected,  then  this  would  be  a  tentative  affir- 
mation of  the  higher  level  generalizations  and  the  theory  of  residen- 
tial price  determination. 

A  specific  aim  of  the  inquiry  is  pragmatic,  namely,  to  inves- 
tigate the  plausibility  and  feasibility  of  a  model  to  predict  and  fore- 
cast urban  residential  sale  prices  with  an  acceptable  degree  of  relia- 
bility and  effectiveness.    Such  a  model  would  have  important  implica- 
tions for  tax  assessors  and  the  appraisal  fraternity. 

The  main  sources  of  residential  price  variations,  i.e.,  the 
structure  of  market  prices,  are  expected  to  be  attributable  to  varia- 
tions in  the  magnitude  and  duration  of  the  expected  utility  flow  to  be 
derived  from  the  consumption  of  housing,  assuming  that  relatively 
stable  supply  and  demand  conditions  prevail.    This  portion  of  the  model 
is  presumed  to  be  determinate.    The  indeteminancy  of  the  bargaining 
process  is  incorporated  into  the  model  as  an  error  term,  which  is 
assumed  to  be  a  randomly  distributed  variable. 
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A  major  hypothesis  to  be  tested  is  that: 

Y  =  f  (Xi,  X2,  X3,  Xi^,  e  I  S,  D,  K^)  . 

where: 

Y  =  expected  or  probable  urban  residential  sale  price 

in  a  specified  market  in  the  time  period  under 
consideration 

X-^  =  improvements 

X2  =  site 

X3  =  neighborhood 

Xj^  =  location 
e  =  error  term,  vjhich  is  assumed  to  be  nomally  dis- 
tributed with  a  zero  mean  and  standard  deviation 
Is,  D,  Ki  =  given  supply  and  demand  conditions  and  other 
market  factors,  i.e.,  these  are  assumed  to  be 
relatively  stable  during  the  short- run,  say  three 
months . 

Since  the  preceding  factors  are  higher  generalizations  not 
amenable  to  direct  testing,  surrogate  variables  are  proposed  for 
testing.    A  large  number  of  variables  are  tested  as  statistical  hypoth- 
eses in  the  following  classical  linear  regression  model. "''^ 
Y  =  ag  +  a  1X1  +  a  2X2  +  ...  +  a^X^^  +  e 

where: 

Y  and  e  =  defined  as  above 


David  S.  Huang,  Regression  and  Econometric  Methods,  New 

York,  1970. 
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=  estimated  regression  coefficients  or  param- 
eter estiinators 
Xi  =  regressors  or  predictor  variables,  including 
those  based  on  transformed  non-linear  func- 
tions. 

The  hypotheses  and  model  are  tested  and  verified  using  conven- 
tional statistical  methodology. 

The  Data 

The  st\idy  is  based  on  cross-sectional  data  from  l63  residential 
transactions  within  the  Gainesville,  Florida,  corporate  area  during  the 
period  October  1,  197Q,  to  March  31,  1971-    All  transactions  during  the 
period  were  included  in  the  sample  if:    improved  with  a  single-family, 
one-story  residential  dwelling;  sold  for  between  $1^,000  and  $Ii5,000; 
zoned  Rla,  Rib  or  Rlc;  constructed  within  the  last  30  yearsj  lot  size 
did  not  exceed  1  acre;  exchange  appeared  to  be  an  "arm's  length"  trans- 
action conveying  fee  simple  title  by  warranty  deed;  and  sale  price  was 
confirmed. 

The  limitations  on  the  population  of  transactions  to  be 
sampled  were  imposed  for  a  number  of  reasons.    In  view  of  the  extreme 
heterogeneity  of  the  data  at  the  excluded  upper  and  lower  ranges,  many 
additional  variables  may  need  to  be  examined,  or  several  models  re- 
quired, in  order  to  extend  the  methodology  to  the  entire  residential 
market.    As  the  purpose  of  the  inquiry  is  to  establish  the  plausibility 
of  a  statistical  appraisal  model,  an  intensive  and  extensive  examination 
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of  the  excluded  ranges  is  left  to  future  research  efforts.    In  spite  of 
the  limitations  on  the  scope  of  the  study,  the  sajiiple  included  about 
70  percent  of  all  the  residential  sales  in  the  corporate  area  during  the 
period  and  should  provide  a  substantive  test  of  the  methodology. 

Some  of  the  excluded  transactions,  such  as  "non-arm's  length" 
transactions  (sale  between  father  and  son,  etc.),  warrant  exclusion  in 
an^  appraisal  method  since  they  vzould  tend  to  bias  the  probability 
estimate.    Statistical  models  usually  assume  that  the  error  term  is 
randomly  distributed  with  zero  mean  and  standard  deviation.    If  certain 
transactions  are  consistently  below  the  expected  sale  price,  rather 
than  being  randomly  distributed  about  the  mean,  then  inclusion  of  the 
observations  would  tend  to  bias  the  predictive  validity  of  the  model 
for  the  population. 

The  data  used  in  the  inquiry  was  collected  from  the  following 
sources:    tax  assessor's  data  plant,  listing  agreements,  published 
studies  (such  as  land  use  analysis,  planning  unit  study,  neighborhood 
analysis,  etc.),  interviews  with  owners,  and  physical  inspection  of 
each  sale  property,  neighborhood  and  location.    Much  of  the  data  was 
obtained  from  the  tax  assessor's  office  records,  and  some  data  was 
collected  from  two  sources,  i.e.,  duplicated,  in  order  to  check  the 
accuracy  of  the  information.    In  sum,  the  data  is  believed  to  be  highly 
reliable. 
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Methods  and  Procedures 

The  foundations  of  real  estate  valuation  and  the  critical 
analysis  of  conventional  appraisal  methodology  are  based  mainly  on 
deductive  methods. Postulates  derived  from  economic  theory  and 
empirical  generalizations  from  experience  and  observation  provide  the 
basis  for  the  theory  of  urban  residential  price  determination.  Lesser 
generalizations  and  specific  hypotheses  are  deduced  from  the  theory  of 
residential  market  behavior.    The  hypotheses  are  tested  by  inductive 
methods . 

The  analytical  procedure  and  statistical  methodology  of  the 
study  are  of  particular  importance  since  they  represent  significant 
departures  from  conventional  real  estate  appraisal  methodology.  It 
should  be  noted  however  that  this  is  not  a  theoretical  study  in  statis- 
tical methodology;  rather  widely  used  analytical  procedures  and  accepted 

statistical  techniques  are  being  applied  to  a  new  problem,  namely,  urban 

12 

residential  price  detenranation. 

The  compound  analogy,  which  is  currently  the  analytical  proce- 
dure used  to  process  value  conclusions  by  the  cost,  market  and  income 

methods,  is  generally  considered  to  be  a  relatively  weak  form  of 
13 

logical  argument.       To  strengthen  the  inference,  a  number  of  alterna- 
tives are  available,  the  number  of  analogues  can  be  increased  and 


^■^Carlos  L.  Lastrucci,  The  Scientific  Approach;     Basic  Prin- 
ciples of  the  Scientific  Method,  Cambridge,  Mass.,  196?. 

12 

Ronald  J.  Wonnacott  and  Thomas  H.  Vfonnacott,  Econometrics, 
New  York,  1970.  .  .         ,  . 

■^%aylon  H.  ilepp.  Thinking  Things  Through;    An  Introduction 
to  Logic,  New  York,  1956. 
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those  basic  analogues  can  be  chosen  which  have  many  similarities  and 
few  dissimilarities  vis-a-vis  the  derivative  analogue.    Or  the  form  of 
the  logical  arsument  may  be  changed,  such  as  to  inductive  argument."'"^ 

The  inductive  argument  differs  basically  from  the  compound 
analogy  in  that  the  former  leads  to  a  generalization  or  universal  con- 
clusion, within  a  defined  population,  while  the  latter  infers  a  singu- 
lar conclusion.    For  example  in  the  valuation  of  residential  property, 
the  appraiser  -  using  the  compound  analogy  -  infers  that  the  subject 
property  under  appraisement  will  probably  sell  for  "X"  dollars  since 
comparable  properties  1,  2,  3  and  U  sold  for  "X"  dollars.    There  is  no 
attempt  to  draw  a  generalization  regarding  the  probable  sale  price  of 
other  residential  properties  not  included  in  the  analogy. 

On  the  other  hand,  the  inductive  argument  seeks  to  generalize 

from  a  sample  of  observations  to  all  observations  in  a  defined  universe. 

This  shift  in  emphasis  from  singular  to  general  conclusions  is  an 

1^ 

important  one  in  scientific  inquiry.       Science  is  advanced  by  an 
accumulation  of  generalizations  about  phenomena  which  have  been  empiri- 
cally verified.    ■i;\rhen  confirmed  by  objective,  logical  methods,  these 
generalizations  in  turn  provide  a  basis  for  further  generalizations, 
which  need  to  be  investigated  and  confirmed,  thereby  adding  to  the  stock 
of  scientific  knowledge. 

The  parameters  of  the  model  are  estimated  by  inductive  methods, 
using  regression  and  variance  analyses  to  identify  the  association 

l^Ibid. 
l^Ibid.  - 
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between  variables  and  measure  the  empirical  "fit"  of  the  relationships. 
These  techniques  are  generally  accepted  and  widely  used  in  economic 
research. "^^    Regression  provides  a  simple,  yet  powerful,  technique  for 
analyzing  functional  relationships.    This  method  of  analysis  is  espe- 
cially well  suited  for  the  present  inquiry  since  little  is  known  about 

the  nature  of  the  relationships  and  given  the  collinear  nature  of  the 
17 

data. 

The  calculations  for  the  statistical  analysis  were  processed 

-|  Q 

on  the  IBM  360  computer  using  program  ECON     and  two  regression  pro- 
grams  from  the  Biomedical  Computer  Programs  series. 


Limitations  of  the  Study 


The  main  limitations  of  the  study  relate  to  the  nature,  inter- 
pretation and  application  of  the  predictive  model.  The  model  is  local- 
ized.   It  is  well  known  that  real  estate  markets  are  localized  due  to 


•'•  Gene  Wunderlich  and  W.L.  Gibson,  Jr.,  "Selection  of  Analytical 
Procedures,"  Land  Economics  Research,  Resources  for  the  Future,  Inc., 
Washington,  D.G.,  1962. 

•^^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 

1 R 

The  original  ECON  regression  program  was  written  by  Mr.  M.R. 
Norman  of  M.I. T.    A  modified  program  was  made  available  at  the  Univer- 
sity of  Florida  by  John  Kraft  and  Stanley  Warner. 

■l^W.J.  Dixon,  ed.,  BMP  Biomedical  Computer  Programs,  Berkeley , Cal. , 
1970.    Regression  programs  "BMD  02 R" ,  stepwise  regression,  and  "BMD  03R", 
multiple  regression  with  case  combinations,  were  used  in  developing  the 
models. 


12 

the  nature  of  the  product j  thus  a  new  model  must  be  developed  for  each 
20 

market.       The  purpose  of  this  study  is  to  establish  the  feasibility  of 
a  localized  model,  and  to  illustrate  methods  and  procedures  which  may 
have  broad  application  in  the  development  and  utilization  of  appraisal 
models  in  other  areas. 

The  model  is  static.    Since  the  model  employs  only  cross- 
sectional  data,  it  is  obvious  that  the  study  adds  little,  if  any,  knowl- 
edge about  the  nature  and  stability  of  the  relationships  over  tijne.  It 
will  be  necessary  to  develop  a  procedure  for  controlling  and  up-dating 
the  model. 

The  model  must  be  carefully  interpreted  due  to  the  inter- 
related nature  of  the  data.    The  problem  of  multicollinearity  in  the 

21 

data  severely  limits  the  specification  and  interpretation  of  the  model. 
This  will  be  a  problem  in  any  urban  residential  market.    However  it  is 
generally  acknowledged  that,  although  structural  questions  can  not  be 
meaningfully  investigated,  the  multicollinearity  problem  may  not  seri- 
ously affect  the  model  for  prediction  purposes,  where  due  caution  is 
22 

exercised. 

The  investigation  is  limited  to  the  residential  housing  market 
and  even  to  a  specified  population  within  that  market.  Further 


20 

Alfred  A.  Ring,  Real  Estate  Principles  and  Practices,  6th 
ed.,  Englewood  Cliffs,  N.J.,  196?. 

21 

Ronald  J.  Wonnacott  and  Thomas  H.  Wonnacott,  Econometrics, 
New  York,  1970. 

22 

David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 
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research  is  needed  to  extend  the  methodology  to  the  entire  residential 
market,  and  to  investigate  the  feasibility  of  applying  the  procedures 
and  statistical  techniques  to  the  appraisal  of  other  classes  of  real 
property,  such  as  "income"  property. 

Review  of  Empirical  Studies 

Several  empirical  studies  were  conducted  in  recent  years 
seeking  to  explain  variations  in  agricultural  land  values.  Although 
an  examination  of  these  studies  yielded  fruitful  insights  in  method  and 
procedure,  they  are  not  considered  to  be  particularly  relevant  to  the 
present  study.    This  review  is  limited  to  those  empirical  inquiries 
pertaining  to  the  urban  residential  housing  market. 

Emerson 

The  purpose  of  Emerson' s  study  was  to  examine  the  effect  of 
aircraft  nuisance  on  residential  property  values.       A  Cobb-Douglas 
type  function  was  used  to  test  the  impact  of  selected  variables  on 

^^or  example,  see:    F.E.  Abdel-Badie,  An  Econometric  Analysis 
of  Factors  Affecting  Land  Values  in  Western  Oklahoma,  Ph.D.  disserta- 
tion,  Oklahoma  State  University,  196?.    Produced  by  University  Micro- 
films, Inc.,  Ann  Arbor,  Michigan  and  John  Bailey  Britney,  Time  Series 
Analysis  of  Factors  Affecting  the  Value  of  Farm  Real  Estate,  1911-19^9, 
Ph.D.  dissertation,  Purdue  University,  196U.    Produced  by  University 
Microfilms,  Inc.  .  ^ 

^Vrank  G.  Emerson,  The  Determinants  of  Residential  Value  with 
Spc^cial  Reference  to  the  Effects  of  Aircraft  Nuisance  and  Other  Envi- 
ronraental  Fcatiu-es,  Ph.D.  dissertation,  University  of  Minnesota,  1969. 
Produced  by  University  Microfilms,  Inc. 


residential  sale  price.    The  coefficient  of  determination,  expressing 
the  ratio  of  the  variance  explained  to  the  total  variance,  for  the 
study  was  (R^=)0.80. 

Although  some  of  the  findings  are  relevant  to  the  present 
study,  the  inquiry  does  not  provide  a  meaningful  examination  and  treat- 
ment of  the  problem  identified  in  this  study,  which  is  of  course  to  be 
expected  since  the  stated  objective  was  to  investigate  the  impact  of 
noise  pollution.    As  contrasted  with  the  present  investigation,  there 
are  significant  differences  with  regard  to  :    statement  of  problem, 
hypothesis  to  be  tested,  and  research  design  and  methodology. 

Harris 

The  objectives  of  Harris's  inquiry  were  to  develop  and  apply 
theories  of  central  land  values  and  residential  land  values.  The 
results  of  the  first  objective  are  not  especially  relevant  to  this 
study.    The  theory  of  residential  land  values  was  based  on  a  theory  of 
choice.    It  was  hypothesized  that  the  consumer  chooses  between  four 
goods:    lot  size,  amenity,  leisure,  and  all  other  goods.    Based  on 
statistical  significant  surrogate  variables  tested,  Harris  concluded 
that  amenity,  travel  savings,  and  lot  size  have  a  major  effect  on  land 
values.    The  study  was  based  on  data  from  tax  records  and  a  travel 
habits  survey;  regression  was  the  method  of  analysis. 

^^Roger  N.S.  Harris,  Determinants  of  Central  Shopping  and 
Residential  Land  Values,  Ph.D.  dissertation,  IJortii  Carolina  State  of 
the  University  of  iJorth  Carolina  at  Raleigh,  1965.    Produced  by  Univer- 
sity Microfilms,  Inc. 
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Harris's  investigation  sheds  light  on  the  subject  of  consumer 
choice,  and  the  regression  analysis  of  amenity  in  terms  of  supply  and 
demand  contributes  to  a  better  understanding  of  forces  influencing 
urban  land  values.    However  the  study  does  not  attempt  to  analyze 
factors  influencing  price  determination  of  improved  residential  prop- 
erties, which  is  the  task  of  the  present  study. 

Pendle  ton 

The  objective  of  the  study  was  to  examine  the  impact  of  high- 

26 

way  accessibility  on  property  values.       The  hypothesis  was  tested  by 
relating  variations  in  residential  sale  prices  to  differences  in 
accessibility  characteristics. 

The  findings  of  the  study  are  pertinent  to  the  present  inves- 
tigation since  this  appears  to  be  the  first  empirical  inquiry  in  which 
an  attempt  has  been  made  to  explain  differences  in  sale  prices  of 
residential  properties  by  statistical  method.    The  variables  included 
in  the  final  equation  were:    square  feet  of  house,  accessibility, 
square  feet  of  lot,  construction  material,  basement,  bathrooms,  extras, 
median  income,  age  of  house  and  style  of  house. 

Pendleton  concluded  by  stating: 

The       of  .923  resulting  from  the  best  run  ...  indicates 
that,  even  with  a  small  sample  and  data  not  specifically 
collected  for  statistical  analysis,  enough  variance  can 
be  explained  to  warrant  further  work.    More  attention  to 
each  variable  is  needed,  additional  variables  should  be 
included,  and  more  thorough  checking  for  accuracy  is 
called  for. 2^ 


°V/illiam  C.  Pendleton,  Jr.,  The  Value  of  Highway  Accessibil- 
ity,  Ph.D.  dissertation.  The  University  of  Chicago,  1963.  Produced  by 
The  University  of  Chicago  Library. 

27ibid.,  p.  60. 
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The  present  inquiry  differs  from  the  Pendleton  study  with 
regard  to:    objectives  of  the  study,  theory  of  residential  price  deter- 
mination, and  hypotheses  tested.    An  explicit  effort  has  also  been  made 
to  juxtapose  the  theory  and  procedures  used  in  this  study  with  conven- 
tional real  estate  theory  and  methodology. 

Wallace 

Wallace's  study  postulates  a  theory  of  urban  residential  price 
determination  and  seeks  to  "explain"  the  structure  of  urban  property 
values.       The  inquiry  is  similar  in  some  respects  to  the  present  inves- 
tigation; thus  the  V/allace  study  needs  to  be  examined  closely. 

Contrary  to  the  title,  Wallace's  study  did  not  develop  a  clear 
theory  of  urban  residential  price  determination.    Rather,  from  a  series 
of  economic  postulates  and  premises  a  main  generalization  was  deduced, 
namely,  that  the  determinants  of  utility  and  value  are:    use,  use  alter- 
natives, and  location. 

The  variables  tested  were:    net  condition,  building  class, 
proximity  to  commercial  activities,  proximity  to  traffic,  traffic 
volume,  time  distance  to  campus,  area  of  improvements,  and  foot  front- 
age.   A  number  of  models  were  tested  using  assessed  value  and  sale 
price  as  the  dependent  variables.    The  "best"  model,  using  sale  price 
as  the  regressand,  had  an       of  0.5U6  and  a  standard  error  of  the 
estimate  of  $6,l6l,  with  only  h  of  the  9  variables  being  significant 
at  the  5  percent  level. 


^ William  H.  Wallace,  A  Theory  of  Urban  Residential  Property 
Value  Determination,  With  Emphasis  upon  Alternative  Estimating  Proce- 
dures, Ph.D.  dissertation.  University  of  Illinois,  1962.  Produced  by 
University  Microfilms,  Inc. 
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The  main  similarities  between  VJallace' s  study  and  the  present 
inquiry  are:    the  statement  of  the  problem  and  the  statistical  method- 
ology.   Beyond  this,  there  are  few  similarities.    Wallace's  model  is 
founded  entirely  on  traditional  economic  theory,  with  only  one  inciden- 
tal reference  being  made  to  appraisal  literature.    Although  economic 
theory  is  extensively  incorporated  in  the  present  study,  an  explicit 
attempt  is  made  to  relate  the  inquiry  to  current  appraisal  theory  and 
practice. 

The  Wallace  study  had,  at  best,  a  vague  theory  of  residential 
price  deterroination,  while  this  study  is  founded  on  a  concept  of  price 
behavior  in  a  market  characterized  by  a  bilateral  oligopoly  structure. 
The  deduced  generalizations  and  specific  hypotheses  are  substantially 
different  -  which  presumably  accounts,  at  least  in  part,  for  the  great 
disparity  between  the  statistical  significance  of  the  models  in  the 
respective  studies.  •■ 

It  is  also  useful  to  note  that  the  Wallace  study  did  not  dis- 
cuss the  critical  problem  of  multicollinearity  in  the  data,  and  no 
attempt  was  made  to  test  the  stability  of  the  parameter  estimators, 
test  the  assumptions  of  the  model,  or  to  verify  the  model  by  appro- 
priate statistical  tests.    In  sum,  the  study  makes  some  important 
theoretical,  methodological  and  empirical  contributions  to  an  inves- 
tigation of  the  problem,  but  the  inquiry  has  practically  no  relevance 
to  the  appraiser  who  must  cope  with  the  problem,  i.e.,  Wallace's 
model  does  not  "fit"  the  data  very  well  and  does  little  to  establish 
the  plausibility  of  a  predictive  model. 
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Organization  of  the  Study 

Chapter  Two  discusses  the  economic  concepts  of  price  and 
value,  and  reviews  the  foundations  of  real  estate  valuation.  The 
efficacy  of  conventional  appraisal  methodology  is  summarized  and 
critically  evaluated  in  Chapter  Three. 

A  theory  of  urban  residential  price  determination  is  postu- 
lated, premises  and  assumption  are  specified,  and  a  generalized  sta- 
tistical model  is  developed  in  Chapter  Four.    The  variables  and 
hypotheses  are  specified  in  Chapter  Five.    A  predictive  regression 
equation  is  selected  and  the  model  is  tested  for  stability  over  the 
sample  space.    The  results  of  the  equation  are  interpreted,  and  main- 
tenance of  the  model  is  discussed. 

The  conclusions  of  the  inquiry  are  summarized  and  a  synopsis 
of  further  research  suggested  by  the  investigation  is  discussed  in 
Chapter  Six. 


CHAPTER  II 
FOUNDAnONS  OF  REAL  ESTATE  VALUATION 
Value  and  Price 

Value  is  an  elusive  concept  which  has  been  of  central  concern 

to  economists,  and  occasionally  philosophers,  for  centuries.''"  Value 

2 

theory  is  one  of  the  most  basic  propositions  of  economic  theory.  The 

notion  that  an  individual  can  order  his  wants  is  fundamental  to  other 

economic  propositions  such  as  the  substitutability  of  different  goods, 

3 

exchange  theory  and  price  theory.      Also  the  postulate  that  an  individ- 
ual seeks  to  maximize  or  "satisfice"  his  own  welfare  is  predicated  on 
the  assumption  that  wants  may  be  ordered  for  decision  purposes,  i.e., 
this  is  required  if  the  alternatives  are  to  be  rationally  evaluated.^ 


Jacob  Oser,  The  Evolution  of  Economic  Thought,  2d    ed..  New 
York,  1970. 

Lionel  Robbins,  An  Essay  on  the  Nature  and  Significance  of 
Economj.c  Science,  2d    ed.,  London,  1935. 

-^F.S.C.  Northrop,  The  Logic  of  the  Sciences  and  the  Humanities, 
New  York,  19U7. 

Kenneth  E.  Boulding,  Economic  Analysis,  Uth  ed..  New  York, 

1966. 
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Economic  goods,  which  by  definition  are  scarce,  have  value 

because  they  are  wanted  by  units  of  society  to  satisfy  particular  needs 

5  6 
and  desires.      Thus  value  is  extrinsic,  not  intrinsic.      Without  people 

to  express  preferences,  there  would  be  no  individual  valuations,  and  no 
market  valuations.  Confusion  frequently  arises  unless  a  clear  distinc- 
tion is  made  between  individual  and  market  valuations,  especially 

7 

regarding  the  measurability  of  value.      Individual  value  is  clearly  not 

measurable  on  a  cardinal  scale,  i.e.,  10,  9,  8  ...  utils  can  not  be 

assigned  by  an  individual  to  an  x,  y,  z  . . .  series  of  economic  goods. 

However  individuals  do  make  valuations,  at  least  ordinally,  as  this  is 

necessary  in  order  to  evaluate  alternatives  for  decision  purposes. 

While  individual  valuations  are  fundamental  to  any  general 

theory  of  value,  we  proceed  to  market  valuations,  which  are  the  object 

of  the  appraisal  process.    Exchange  ratio,  as  used  in  this  study,  ex- 

8 

presses  the  ratio  between  two  economic  goods.      Confusion  can  be  mini- 
raized  by  distinguishing  between  two  types  of  exchange  ratios,  namely, 
price  and  market  value.    The  former  is  established  in  an  actual  trans- 
action and  measures  the  ratio  of  exchange  between  a  commodity  and  money, 
while  market  value  is  the  ratio  of  exchange  between  a  commodity  and 


"^Paul  A.  Sarauelson,  Economics:    An  Introductory  Analysis,  7th 
ed..  New  York,  1967. 

^F.S.C.  Northrop,  The  Logic  of  the  Sciences  and  the  Humanities, 
New  York,  19U7. 

7 

'An  interesting  controversy  between  Benedetto  Croce  and 
Wilfredo  Pareto  on  the  measurability  of  value  is  discussed  in  the  fol- 
lowing treatise  on  Italian  appraisal  theory.    Guiseppe  Medici,  Prin- 
ciples of  Appraisal,  Ames,  Iowa,  1953. 

Q 

Kenneth  E.  Boulding,  Economic  Analyr^ls,  Uth  ed..  New  York 
1966.  
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money,  based  on  a  valuation  process  (actual  or  presumed) .  Market 

value,  as  defined  above,  is  an  inference  based  on  expected  market 

behavior,  and  should,  when  feasible,  be  expressed  as  a  conditional 

probability  vjhen  valuations  are  rendered. 

A  number  of  writers  have  emphasized  the  central  role  of  price 

9 

statistics  in  the  determination  of  market  value. Since  value  is  ex- 
trinsic, not  intrinsic,  market  value  is  founded  on  a  system  of  actual 
exchanges,  i.e.,  price  ratios.    An  economic  good  is  created  by  the 
productive  process,  which  gives  rise  to  an  original  exchange  ratio  when 
the  good  is  purchased.    The  good  is  amortized  or  destroyed  by  indirect 
(producer  good)  or  direct  (consumer  good)  consumption.    An  economic 
good  is  a  stock  variable  which  is  related  to  a  flow  variable,  utility 
(or  income  as  a  surrogate),  over  time  by  past,  present  and  future  ex- 
change ratios.    Price  statistics  are  important  determinants  of  market 

value.    And  valuations,  to  estimate  market  value,  are  founded,  directly 

10 

or  indirectly,  on  prices. 

Presumably  there  would  be  no  appraisal  problem  if  the  prices, 
i.e.,  actual  exchange  ratios,  of  all  commodities  were  known  at  a  given 
moment.    But  since  this  is  not  the  case,  market  value  must  be  estimated 
for  various  economic  goods.    Ideally,  the  appraiser  should  seek  to 
forecast  the  exchange  ratio  that  would  have  prevailed    had  an  actual 
transaction  occurred  for  the  good  in  question.    The  appraiser,  in 
effect,  is  seeking  to  simulate  the  behavior  of  the  market  system,  i.e.. 


'Guiseppe  Medici,  Principles  of  Appraisal,  Ames,  Iowa,  19^3. 
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the  valuation  process  provides  an  estimated  exchange  ratio  because  the 
actual  exchange  ratio,  price,  was  not  determined  by  the  market  mecha- 
nism.   If  reliable  estimates  of  market  value  are  to  be  obtained,  then 
the  appraisal  process  should  be  a  model  of  the  market  mechanism,  or  at 
least  should  identify  and  measure  the  influence  of  those  variables 
affecting  price  determination.  . 


Exchange  Ratios,  Income  Flows,  Time  and  Valuation 

Market  value  is  founded  on  past,  present  and  future  exchange 

ratios  and  income  flows."''"''    Valuation  theory  and  appraisal  methodology 

12 

acknowledges  these  time  dimensions  of  the  market.       The  original  ex- 
change ratio  (purchase  price)  is  related  to  the  current  exchange  ratio 
(price  or  market  value)  by  allowing  for  depreciation  or  appreciation 
durirg  the  period,  while  the  future  exchange  ratio  (sale  price)  or  ex- 
pected income  flow  is  related  to  the  present  by  discounting  for  the 
futurity  of  the  stock  and/or  flow  variables. 

The  following  analysis  will  illustrate  the  nature  of  the 
valuation  process  and  indicate  how  identical  estimates  of  market  value 
may  be  derived,  given  specified  premises,  by  methods  using  historical 
and  future  time  dimensions.    The  market  method  is  not  examined  since  it 
can  be  inferred  from  the  historical  cost  and  future  income  methods. 


"'"■'■Kenneth  E.  Boulding,  Economic  Analysis,  Uth  ed..  New  York, 

1966. 

12 

American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 
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Let:        V^,        =    estimated  market  value  via  the  historical 

cost  and  future  income  methods, 
respectively 

Vq,  V^,  Vn    =    V  at  times  o,  t,  n  =  ptirchase,  appraise- 
ment and  sale  dates  =  past,  expected 
present  and  expected  future  exchange 
prices  or  values 

13 

R    =    Revenue  =  annuity  =  stabilized  net  income 
=  aggregate  net  income  from  invested 
capital 

i    =    market  =  internal  =  nominal  =  effective 
rate  of  interest"''^ 

Case  1    Valuation  premises:    R  =  0,  single  payment  at  n. 

Eq.  1  =    Vo  (1+i)* 

=    (l+i)*'  '     ,  where  Vq  =  1 

Eq.  2         Vl    =  Vn  (l+D^""         ,  where  (1+1)^-"  =  ^^^l^n-l 

=  (l+i)n  (l+i)t-n  ,  where  V^  =  (l+i)" 

=  (l+i)*                 ,  add  exponents 

and      (1+i)^    =  (l+i)*                 ,  Eqs.  2  and  3 

therefore  V^    =  V^                        ,  given  premises. 


■'■\lfred  A.  Ring,  The  Valuation  of  Real  Estate,  Englewood 
Cliffs,  N.J.,  1970. 

■'■^J.  Fred  Weston  and  Eugene  F.  Brigham,  Essentials  of  Manage- 
rial Finance,  2d    ed..  New  York,  1971. 


Case  2    Valuation  premises:    Vq  =  Vn  ;  Ro  =  Rn  (perpetuity). 


2k 


Eq.  1  =    Rn  (-1-) 


Eq.  2         V?    =  Rc 


(l+i)n-i 


Ro  (       )       »  where  n  •>  to ,  and 
•    (1+i)"  -1  i 


and   Ro(-i-)    =    Rn    (-j-)       *  given.  Eqs.  1  and  2 


R.  (4_)    =    R+    (A.)       ,  since  Ro  =  Rn  =  Rt 


therefore 


,  given  premises 


Case  3    Valuation  premises:    Rq  =  Rn>  ^n  =  0. 


Eq.  1  (l--'^)         >  where  A  =  amortization  (or 

appreciation  if  +  A) 


(H-i)^-l 


,  where  A  =( sink- 


ing fund  factor  at  period  n) 
(FW  of  annuity  at  period  t)  "'"^ 


■^^Financial  Publishing  Company,  Financial  Compound  Interest 
and  Annuity  Tables,  3d    ed.,  Boston,  196l. 


Eq.  2 


Vt    =  R 


where 


A  \  t-n 


=  Present 


1    1  Mill 

l-(l+i)-n]  i 


worth  of  an  annuity  factor 
16 

for  n-t  periods 
^  t-n 


aiid 


1  - 


(l+i)'^-l 


(l+i)^^-l 


,  where  R  =  partial 
payment  factor  for 
period  n"*"^ 


l_(l+i)t-n 


l-(l+i)-" 


from  Eqs.  1  and  2 
Proof  of  equality 


18 


therefore  = 


Case  h    Valuation  premises:    Rq  =  R^,  V-^  <  Vq  and       /  0. 


Eq.  1        V'^    =    Vo(l-A)  +  Vn(l+i)^""  ,  from  Cases  1,  2,  3 


from  Case  3 


16. 


Ibid. 
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Ibid. 


-1  Q 

-•-^A  lengthy  algebraic  proof  of  the  equality  has  been  worked 
out,  but  is  not  shown  since  it  can    be  easily  established  from  the 
appropriate  factor  tables  represented  by  the  equations.    See,  for 
example.  Financial  Compound  Interest  and  Annuity  Tables,  cited  above. 
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Eq.  2 


and 


=  1 


r  1  1  Riii^' 


+  (l+i) 


t-n 


where  Vq  =  1,  and  Vn  =  1 


l-(l+i) 


from  Cases  1,  2,  3 
t-n 


1^  .  t-n 
+  (l+i)  , 


from  Case  3  and  where  Vn  ~  ^ 


1  - 


(l+i)»-l 


(l^i)^-l 


l-(l+i) 


t-n 


+  (l+i)  , 


from  Eqs.  1  and  2 


therefore  = 


Proof  as  in  Case  3 

V^,  given  the  premises, 


The  nature  of  the  valuation  process  under  conditions  of  cer- 
tainty, or  given  specified  premises,  is  visually  demonstrated  by  stock 
and  flow  diagrams  in  Figure  I. 


« 
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t  n 


EXCHANGE  RATIO  =  VALUE  =  PRICE 


Figure  I 


-  Flow  and  Stock  Diagrams  of  the  Four  Determinate  Valuation 
Models  in  Chapter  II,  Based  on  the  Premises  in  Cases  1,  2, 
3  and  k 
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The  preceding  analysis  is  intended  to  demonstrate  the  validity 
of  estimating  market  value  via  alternative  valuation  processes  based  on 
past,  present  and  future  exchange  ratios  and  income  flows.  The  equali- 
ty of  the  estimates,  viz.,  =  =  ,  is  derived  from  the  premises, 
which  are  given  and  presumed  to  be  true.  In  such  cases,  a  determinate 
solution  is  possible. 

Case  U  is  a  very  useful  model  since  it  is  general  enough  to 

cover  problems  involving  land  (case  l)  and  building  (case  3)  valuations, 

as  well  as  more  specialized  appraisal  assignments  such  as  leasehold 

valuation  problems.    It  is  possible  to  modify  the  model  to  incorporate 

the  impact  of  terms  of  finance  on  equity  valuations.    One  such  model 

19 

has  been  developed  by  Ellwood.       The  model  could  be  further  modified 

to  reflect  changes  in  market  value  attributed  to  growth,  inflation, 

etc.,  where  the  rate  of  change  is  known  and  is  assumed  constant  over  the 

investment.    This  would  require  additional  terms  to  incorporate  the 

impact  of  the  expected  rate  of  growth,  g,  on  the  annuity  income  and  the 

imputed  income  from  the  single  payment  to  be  received  at  period  n. 

Babcock,  in  his  treatise  Valuation  of  Real  Estate,  developed 

20 

six  variations  of  the  model  in  case  3.       Where  case  3  assumed  an 
annuity  over  the  life  of  the  investment,  Babcock  relaxed  this  assumption 
to  deal  with  the  following  income  flow  patterns:    linear  decline, 
linear  rise,  curvi-linear  decline  at  various  rates  of  decline,  curvi- 
linear systematic  rise  and  decline,  and  irregular  rises  and  declines. 


'^L.W.  Ellwood,  Ellwood  Tables  for  Real  Estate  Appraising  and 
Financing,  Chicago,  1967. 

^^Frederick  M.  Babcock,  The  Valuation  of  Real  Estate,  New  York, 

1932. 
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Models,  similar  to  those  developed  by  Babcock,  could  be  developed  to 
incorporate  periodic  changes  in  the  market  rate  of  interest  over  the 
life  of  the  investment.    However,  as  long  as  the  premises  of  the  valua- 
tion problem  are  known  with  certainty  or  assumed  to  be  true,  it  can  be 
proven  that  the  equality 

remains  true. 

The  equality  of  the  estimating  equations  may  be  established  by 

an  examination  of  the  investment  inflows  and  outflows,  along  the  lines 

21  ,  . 

discussed  by  Boulding  in  Economic  Analysis.        The  following  analysis 

is  an  alternative  statement  of  the  preceding  cases. 
Let:  ^  ^  ^     '      '  * 

Vq,  Vn,  V^,         =    Same  as  defined  in  cases  1  ..  U 

E    =    Expenditure  of  cash  on  investment 

(=  Vq  in  the  four  cases) 
Y    =    Interest  income  on  capital  invested 

during  a  given  period.    The  flow  may  be 
positive  or  negative  (disinvestment), 
>  .  actual  or  imputed  -  such  as  where  a 

single  payment  is  to  be  received  when 
the  investment  is  liquidated.    Tne  in- 
terest income  is  to  be  allocated  to  the 
period  in  which  it  is  earned. 
R    =    Revenue  or  aggregate  net  income  from 
invested  capital 


21 

Kenneth  E.  Boulding,  Economic  Analysis,  Uth  ed.,  New  York, 

1966. 
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p    =    subscript  indicating  past  transactions  = 
period  from  beginning  of  investment  to  a 
specified  point  in  time,  t,  e.g.,  t  =  120 
f    =    subscript  for  future  transactions,  e.g., 
specified  time,  t  =  120  to  n  =  300,  when 
the  investment  is  completely  liquidated. 
*    =    superscript  indicates  the  total  flow  over 
the  life  of  the  investment,  i.e.,  from 
..  .     periods  o  to  n. 

The  complete  life  of  an  investment  may  be  viewed  as  a  series 
of  economic  events  involving  flow  variables.    Given  the  specified  prem- 
ises, the  value  of  the  investment  can  be  measured  by  analyzing  the  in- 
flows and  outflows.    Assuming  that  the  interest  income  is  allocated  to 
the  period  in  which  it  is  earned,  the  following  equations  indicate  the 
nature  of  the  valuation  process  using  investment  inflows  and  outflows. 


1 

E*  = 

=    Ep  + 

Ej^ 

(also  A*  = 

=    Ap  + 

Af)  : 

(where  A  =  amortization 

in  the  diagram  below) 

2 

=    Rp  + 

% 

3 

= 

=    Yp  + 

h 

y*  = 

=    R*  - 

E* 

(and  = 

=  A*) 

(in  the  diagram) 

$ 

vo  . 

=    Ep  - 

Rp  + 

,  given  Eqs.  1,  2,  3,  U 

6 

=    Rf  - 

Ef  - 

Yf 

,  given  Eqs.  1,  2,  3,  U 

7    Ep  -  Rp  +  Yp  =  Rf  -  Ef  -  Yf  ,  Eqs.  5=6,  given  Eqs. 

CI  1,  2,  3,  U 

The  equations  and  equality  can  be  seen  in  the  flow  and  stock 
diagrams  in  Figure  II,  which  are  based  on  the  premises  from  case  3. 
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=  INFLOWS 

=  INTEREST 

=  AI-IORTIZATION 


=  OUTFLOWS 


EXCHANGE  RATIO  =  VALUE  =  PRICE 


Figure  II  -  Flow  and  Stock  Diagrams  of  the  Income  Allocation  Model 
in  Chapter  II,  Based  on  the  Premises  in  Case  3 


Where  the  interest  income  has  been  allocated  to  the  period  in 
which  earned,  the  outflows  (expenditures)  up  to  a  given  date,  less  in- 
flows (revenue)  from  the  investment  and  plus  interest  income  earned,  are 
equal  to  the  present  market  value  of  the  investment,  based  on  the  his- 
torical cost  method  (V^).  On  the  other  hand,  the  expected  future  in- 
flows (revenue),  minus  fut\ire  outflows  (expenditures)  and  minus  future 
interest  income,  are  equal  to  the  present  value  of  the  investment,  i.e., 
market  value  based  on  the  future  income  method  (V^). 

The  example  above  is  elementary,  but  the  conclusions  apply 
equally  to  other  investments,  such  as  those  examined  by  cases  1,  2  and 
U.    It  is  also  important  to  note  that  the  equality  holds  even  where 
there  are  changes  in  future  expectations.    For  example,  given  an  unex- 
pected increase  in  Yf,  holding  E  constant,  there  would  be  a  concomitant 
and  equal  increase  in  Rf .    This  can  be  seen  in  the  diagram  since  E*  = 
A*,  and  E*  is  assumed  to  be  constant,  hence  AY  =  AR. 

If  the  increase  in  Y  is  allocated  entirely  to  the  future,  then 

the  AYf  =  ARf,  which  leaves       and  v|  equal  and  unchanged  -  even 

though  one  estimate  is  based  on  the  past  (certainty)  and  the  other  on 

the  future  (uncertainty) .    This  is  true  since,  by  equation  6, 

=  Rf  -  Ef  -  Yf .    The  change  in  Yf  is  exactly  offset  by  the  change  in 

Rf  (where  Ef  is  constant) . 

On  the  other  hand  if  the  increase  in  Y  is  allocated  to  Yp  and 

C  T 

Yf,  past  and  future,  then  Vl^  and       will  change  by  equal  amounts,  since, 
by  equation  5,  v!^  =  Ep  -  Rp  +  Yp,  and,  by  equation  6,       =  Rf  -  Ef  -  Yf . 
In  both  periods  there  are  equal  and  offsetting  changes  in  Y  and  R  - 
thus  preserving  the  equality. 
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The  preceding  analysis  and  conclusions  can  be  confirmed  by  an 

example.    Assiune:     $10,000  montlily  amortizing  mortgage,  6  percent  nominal 

rate  of  interest,  and  2$  year  term  (monthly  payment  =  $6U.U3) .    The  value 

22 

of  the  mortgage  investment  at  t  =  120  is  $7,636.       At  t  plus  one  day 
assume  that  unexpectedly  the  government  decrees  that  the  nominal  inter- 
est rate  on  all  existing  mortgages  be  increased  by  1  percent,  effective 
immediately.    Although  implausible,  the  following  results  are  obtained. 
R  (monthly  payment)  increases  to  $68.62,      Yf  =  $75ii,  but  the  present 
value  of  the  mortgage  is  unchanged  at       =       =  $7,636,  if  the  entire 
increase  in  interest  payments  is  allocated  to  the  future.    The  equality 
holds  since  the  increase  in  interest  income  is  being  discounted  at  the 
higher  rate  from  which  it  was  derived,  i.e.,  the  present  worth  of  an 

annuity  factor  for  7  percent,  180  periods  (n-t)  is  the  reciprocal  of  the 

23 

partial  payment  factor  used  to  determine  the  monthly  payment. 

Where  the  increase  in  interest  income,      Y  =  $7$U,  is  to  be 
allocated  evenly  over  the  life  of  the  mortgage,  the  monthly  payment 
would  increase  from  the  original  payment  of  $614.. U3  to  $66. 9U,  which 


'^'^The  value  can  be  estimated  via  the  historical  cost  or  future 
income  methods.    The  individual  calculations  are  based  on  case  3  equa- 
tions, and  the  value  conclusions  are  processed  below  by  using  the  in- 
flow -  outflow  format. 
Eq.  1    $10,000  =  $10,000  +0 

2  $19,329  =  7732  +  11,597 

3  $  9,329  =  5368  +  3,961 

U   $  9,329  =  19,329  -  10,000 

5  $  7,636  =  10,000  -  7732  +  5368 

6  $  7,636  =  11,597  -  0  -  3,96l 

7  $10,000  -  7732  +  5368  =  $11,597  -  0  -  3,961 

8  $  7,636  =  $7,636 


-Tinancial  Publishing  Company,  Financial  Compound  Interest 
and  Annuity  Tables,  3d  ed.,  Boston,  1961. 
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when  discounted  at  6  3/8  percent  yields       =  $7725  (approximately). 
The  same  valuation  is  obtained  via  the  cost  method  by  equation  ^, 
$10,000  -  8,033  +  377  =  7712  (difference  of  $13  due  to  rounding) .  Thus 

=       remains  true,  but  the  value  at  t  =  120  is  slightly  higher  due 
to  the  allocation  of  the  interest  income  over  both  periods. 

The  preceding  discussion  on  the  foundations  of  real  estate 
valuation  indicates  the  role  of  exchange  ratios,  income  flows  and  time 
in  the  valuation  process.    The  analyses  were  predicated  on  the  premises 
being  true  or  known  with  certainty.    Where  this  is  the  case,  interest 
income  can  be  allocated  to  the  period  in  which  it  was  earned,  the  proper 
amount  of  amortization  can  be  ascertained  at  any  time  t,  and  the  appro- 
priate compound  and  discount  factors  can  be  specified.    Given  the 
premises,  the  market  value  can  be  readily  estimated  by  any  of  the 
alternative  valuation  methods  since  the  solution  is  determinate. 

The  independence  and  equality  of  the  estimating  equations  do 
not  necessarily  hold  for  valuation  problems  under  conditions  of  iincer- 
tainty,  the  usual  market  situation.    Nevertheless,  the  concepts  are 
useful  to  illustrate  the  nature  of  the  valuation  process,  and  are  impor- 
tant foundations  of  valuation. 


CHAPTER  III 


A  CRITICAL  ANALYSIS  AND  EVALUATION  OF 
CONVENTIONAL  REAL  ESTATE  APPRAISAL  METHODOLOGY 

Review  of  Conventional  Real  Estate  Appraisal  Methodology 

The  appraisal  process  exemplifies  conventional  appraisal 

methodology,  as  expounded  by  the  American  Institute  of  Real  Estate 

Appraisers."^    The  process  commonly  serves  as  an  outline  for  the 

appraisal  report  and  represents  the  accumulated  experience  and  wisdom 

2 

of  the  appraisal  fraternity.      Virtually  all  practicing  appraisers  and 

most  real  estate  academicians  subscribe  to  this  conceptual  approach  to 

3 

estimating  market  vsuLue. 

The  conventional  appraisal  process  can  be  summarized  as 

follows : 


American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  1967. 

2 

George  L.  Schmutz,  The  Appraisal  Process,  Manhattan  Beach, 
California,  1959. 

\lfred  A.  Ring,  The  Valuation  of  Real  Estate,  2d  ed., 
Englewood  Cliffs,  New  Jersey,  1970. 
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(  Definition  of  Problem  | 


I  Collection  of  Data  1 


Analysis  of  Data  via 


I  Cost  HethocTI        |  Market  Method  |  |  Income  Method  | 


Synthesis  of  Independent  Value  Estimates 


I  Final  Value  Estimate 


The  heart  of  the  appraisal  process  is  obviously  the  methods  of 
analysis.    The  appraiser  is  urged,  when  feasible,  to  use  all  three 
methods  to  estimate  value,  as  each  is  held  to  be  a  fundamental  part  of 
the  procedure.'*  f- 

The  cost  method  is  based  on  the  premise  that  value  is  deter- 
mined, or  at  least  can  be  measured,  by  current  cost  of  production,  less 

accrued  depreciation.      This  method  of  estimating  value  reflects  the 

6 

influence  of  classical  theories  of  value.      The  appraiser  estimates 
value  by  the  cost  method  as  follows:    V  =  C  -  D    (plus  land  value  which 
is  estimated  by  market  method),  where  V  =  value  (of  improvements),  C  = 
current  opportunity  cost  of  replacing  the  utility  of  existing  improve- 
ments, and  D  =  depreciation,  defined  as  a  loss  in  value  due  to  all 

causes  (thus  an  equality,  viz.,       =  V^,  is  implied).  Presumably 

7 

founded  on  the  notion  of  opportunity  cost    and  classical  theories  of 


^American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 

^Ibid. 

^See:    Jacob  Oser,  The  Evolution  of  Economic  Thought,  2d  ed.. 
New  York,  1970 j  and  Paul  F.  Wendt,  Real  Estate  Appraisal:    A  Critical 
Analysis  of  Theory  and  Practice,  New  lork,  1956. 

7 

Paul  A-  Sanuelson,  Economics;    An  Introductory  Analysis,  7th 
ed..  New  York,  1967. 
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value,  the  Institute  asserts  that  the  cost  method  is  expected  to  provide 

a  ceiling  of  value,  i.e.,  the  estimate  by  this  approach  is  expected  to 

8 

be  the  highest  of  the  three  "independent"  estimates. 

The  application  of  the  cost  method  requires  that  the  cost  of 
replacing  the  utility  stream  be  estimated,  based  on  current  technology 
and  state  of  the  arts.    The  usual  procedure  is  to  determine  the  cost 
per  square  foot  of  the  various  building  components,  such  as  basic 
living  area,  garage,  etc.,  for  "similar"  new  construction.    These  cost 
factors,  adjusted  for  degree  of  comparability,  are  then  multiplied  by 
the  quantity  of  the  respective  components  for  the  property  under 
appraisement  to  derive  estimated  replacement  cost  on  an  "as  if"  new 
basis.    Depreciation  is  typically  estimated  by  "observing"  the  accrued 
depreciation  which  is  attributable  to  physical  deterioration  of  the 
structure,  functional  obsolescence  of  the  design  and  equipment,  and 
economic  obsolescence  due  to  factors  external  to  the  subject  property, 
e.g.,  changes  in  neighborhood  characteristics,  new  adverse  environ- 
mental influences,  etc.  (vis-a-vis  what  the  situation  was  for  the  sub- 

9 

ject  property  when  new,  or  in  comparison  to  "similar"  new  houses). 

The  market  method,  on  the  other  hand,  is  based  on  the  notion 
that  current  sales  prices  of  "  similsir"  properties  should  be  an  indica- 
tion of  the  value  of  the  property  under  appraisement."^*^    The  value 
conclusion  is  thus  based  on  an  analysis  of  recent  sales,  with  appro- 

8 

American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 

^Ibid. 
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priate  adjustments  to  reflect  the  degree  of  comparability  of  the  sale 
and  subject  properties  with  respect  to  improvements,  lot,  neighborhood, 
location,  etc. 

The  market  approach  is  the  primary  method  used  to  estimate 
land  values  and  the  value  of  residential  properties,  but  is  also  used 
in  the  appraisement  of  other  classes  of  property,  such  as  "income" 
property.    The  appraiser  typically  uses  three  to  six  comparable  sale 
properties  to  provide  the  premises  for  the  value  conclusion. 

The  income  method  is  based  on  the  widely  accepted  notion  that 
value  may  be  measured  by  the  discounted  stream  of  utility  (using  income 
as  a  surrogate)  expected  over  the  remaining  economic  life  of  the  prop- 
erty being  valued. This  concept  may  be  summarized  as  follows. 

■•v-  Vo  =  R  -  E 

i 

where:    Vq    =    present  market  value 

12 

R     =    stabilized  (weighted  average)  annual  revenue 
E     =    stabilized  annual  expenses  required  to  produce 
net  income  stream 
■  i     =    market  rate  of  interest 
n     =    estimated  economic  life  of  asset 

The  forecasted  income  and  expenses  are  based  on  a  market 
analysis  of  "similar"  income  properties  to  determine  the  "economic"  rent 


"^"^Frederick  M.  Babcock,  The  Valuation  of  Real  Estate,  New  York, 

1932. 

12 

Alfred  A.  Ring,  The  Valuation  of  Real  Estate,  2d  ed., 
Englewood  Cliffs,  New  Jersey,  1970. 
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and  expenses  which  are  warranted  for  the  subject  property,  i.e.,  the 

present  contract  rents  are  not  used  as  the  basis  of  the  value  estimate 

(unless  the  property  is  encumbered  with  long-term  leases)  but  rather 

an  attempt  is  made  to  determine  "what  the  market  will  bear"  given  pre- 

13 

vailing  supply  and  demand  conditions. 

The  rate  of  interest  used  to  capitalize  the  net  income  flow  is 
likewise  based  on  market  comparisons.    A  number  of  alternative  proce- 
dures are  currently  utilized,  such  as  "band-of-investment"  technique 

111 

(weighted  cost  of  capital)  and  the  "comparative"  method.       The  latter 
is  based  on  a  determination  of  the  actual  or  imputed  market  rates  of 
interest  for  "comparable"  income  properties  which  recently  sold.  This 
requires  a  determination  of  sale  prices  of  the  "comparables" ,  adjust- 
ments for  degree  of  comparability,  a  determination  of  the  net  incomes 
of  the  respective  properties,  and  an  imputation  of  market  rates  of 
interest  based  on  the  net  incomes  and  sale  prices. 

These  three  "independently"  derived  estimates  are  then  synthe- 
sized, following  current  practice,  into  a  final  estimate  of  market 
value.    The  appraiser  is  instructed  not  to  average  the  three  indica- 
tions of  value.    Rather  he  is  to  examine  the  range  of  estimates,  and 
place  the  greatest  judgmental  weight  on  the  most  reliable  method. "^^ 
Where  the  three  methods  yield  widely  divergent  estimates,  the  appraiser 
is  urged  to  reexamine  and  evaluate  the  data  and  procedure.    If  no  data 


•'•^Ibid. 
^Wd. 

^^American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 
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or  judgmental  errors  are  found,  then  the  appraiser  is  to  "explain  the 
cause"  of  the  divergent  estimates. 


The  Efficacy  of  Conventional  Real  Estate  Appraisal  Methodology 

The  proposition,  that       =  V^^  =  V^,  is  theoretically  sound. 
It  was  demonstrated  that  the  equality  can  be  established  at  a  specified 
time,  t,  under  conditions  of  certainty  or  if  the  premises  are  assumed 
to  be  true.    It  is  also  clear  that  once  we  have  certainty,  such  as  when 
the  investment  is  liquidated,  the  equality  can  be  reestablished  for  any 
past  point  in  time,  n-t,  by  allocating  the  income  flow  over  past  and 
future  periods  as  discussed  earlier.    In  practice,  the  equality  is  not 
so  easily  established  since  the  methods  can  not  assume  that  the  prem- 
ises   continue  to  be  true,  rather  they  must  be  established  in  a  market 
characterized  by  uncertainty. 

can  be  estimated  by  an  analysis  of  current  market  transac- 
tions, but  of  course  must  be  stated  as  a  probability  -  since  the 
appraiser  is  operating  without  perfect  knowledge.    Since  the  appraiser 
can  not  rely  on  deductive  methods  as  the  logical  basis  for  the  value 
conclusion,  he  is  required  to  use  inductive  methods.    The  logical 
procedure  currently  used  to  infer  the  market  value  is  the  compound 
analogy.    Although  the  terra  may  not  be  familiar  to  most  appraisers, 
there  is  almost  complete  agreement  that       for  the  subject  property  is 
conventionally  based  on  several  recent  "sale  properties",  adjusted  for 


la 

bility"^^  -  which  is  an  application  of  this  type  of 
17 


logical  argument. 

The  "cost  method"  valuation  problem  can  be  analyzed  by  refer- 
ence  to  the  equation  in  case  1  discussed  earlier,  namely,  V!^  =  7^(1+1;  . 
This  equation  contains  four  variables:         and  i  are  unknown,  t  is 
known,  and  Vq  is  known  if  based  on  historical  cost  and  unknovra  if  based 
on  estimated  replacement  cost.    Regardless  of  whether  Vq  is  based  on 
historical  or  current  replacement  cost,  a  number  of  conclusions  are 
evident. 

1.    A  solution  to  the  equation  requires  that: 

a.  i  be  estimated  by  market  comparisons  -  which  ulti- 
mately, in  this  case,  implies  a  particular  Vn  since 
the  market  rate,  estimated  at  t,  can  not  be  presumed 
unless  it  is  expected  that  a  particular  sale  price 
will  prevail  at  n.    For  example,  since  a  zero  annui- 
ty and  single  payment  at  n  is  assumed,  the  raairket 
would  attribute  a  zero  rate  of  interest  to  the  in- 
vestment if  the  market,  at  t,  forecasted  that  V, 

at  n,  would  be  zero,  i.e.,  in  this  case  the  invest- 
ment is  worthless  regardless  of  the  cost,  V^. 

b.  or  must  be  estimated  by  the  market  and/or  income 
methods.  In  this  case,  i  would  simply  be  an  inter- 
nal rate  equal  to  the  market  rate  of  interest. 


l^Ibid. 
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2.         must  be  a  probability  statement  as  a  consequence  of  "a" 
or  "b"  above. 

Thus  it  appears  that  in  the  final  analysis  -  under  conditions 
of  uncertainty  -  present  market  value  can  not  be  derived  via  the  cost 
method  vfithout  reference  to  the  current  market  conditions    and  some 
form  of  inference,  such  as  the  compound  analogy.    This  conclusion 
agrees  with  the  postulates  that     value  in  the  final  analysis  is  based 
on  utility,  and  it  is  expected  utility  which  gives  an  economic  good  its 
value  attribute. 

Conventional  appraisal  methodology  attempts  to  retain  the  cost 

approach  as  an  "independent"  method  by  defining  a  tautology,  namely, 

that       =       5  C  -  D,  where  C  =  current  opportunity  replacement  cost, 

18 

and  D  =  depreciation,  i.e.,  a  loss  in  value  due  to  all  causes.  Pre- 
sumably if  C  and  D  could  be  independently  estimated,  then  the  integrity 
of  the  method  could  be  preserved.    In  this  case,  the  appraiser  must 
cope  with  two  unknowns,  namely,  C  and  D. 

Since  the  appraiser  does  not  make  value  but  simply  tries  to 
estimate  it,  the  market  must  be  ultimately  relied  upon  to  determine  the 
competitively  priced  cost  of  production  and  the  amount  of  depreciation 
which  the  market  attributes  to  the  property  under  appraisement. 
Current  appraisal  practice  determines  replacement  cost,  explicitly  or 
implicitly,  by  using  a  compound  analogy  as  illustrated  below.    If  this 
is  not  the  case,  then  a  logical  argument  is  not  being  used  -  as  the 
conventional  procedure  used  to  estimate  replacement  cost  does  not  even 


American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
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closely  resemble  any  of  the  other  recognized  types  of  logical 
argument. 


Basic 
Analogues 


Sale 
1 


Sale 
2 


has 


known 
has 


known 


cost/ value  ' 

and 

cost  of 

features 

known 

production 

cost/ value 

and  ^ 

cost  of 

features 

known 

production 

Derivative 
Analogue 


Subject 
Property 

has  V 
known 

cost/ value 
features 

and  ^ 
probably 

replacement 
cost 


The  estimated  replacement  cost  is  subject  to  the  usual  logical 

weaknesses  of  the  compoujid  analogy  method  of  analytical  procedure, 

namely,  the  strength  of  the  inference  depends  on  the  number  of  analogues, 

20 

and  the  similarities  and  dissimilarities  of  the  analogues.  The 
latter  seems  to  be  a  fundamental  and  serious  weakness  of  the  cost 
approach.    How  similar,  or  dissimilar  is  a  thirty- year- old  property 
with  new  properties  ~  the  premises  used  to  derive  the  estimate? 

Since  the  preceding  inference  refers  to  replacement  cost  new, 
i.e.,  probable  replacement  cost  of  the  subject  property  on  an  "as  if" 
new  basis,  a  further  adjustment  is  required  to  determine  depreciation. 
It  is  necessary,  in  the  final  analysis,  to  compare  the  sale  price  of 
"similar"  old  properties  (premises)  with  current  production  of  "similar" 
properties  (derived  by  compound  analogy  above)  in  order  to  determine 
the  estimated  amount  of  depreciation  the  market  attributes  to  the  sub- 


Maylon  H.  Hepp,  Thinking  Things  Through:    An  Introduction  to 
Logic,  New  York,  19^6;  and  Irving  M.  Gopi,  Introduction  to  Logic,  2d 
ed.,  New  York,  1961. 
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ject  property.    The  estimted  depreciation  may  then  be  allocated  or 

attributed  to  physical  and  economic  causes,  thus  preserving  the 

equality       =  V^.    It  is  obvious  that  the  compound  analogy  used  to 

estimate  depreciation  is,  in  effect,  the  same  or  similar  to  the  analogy 

used  to  establish  V^.    Hence  an  "independent"  method  has  not  been  used  ^ 
p 

to  estimate  V!^. 

Thus  both  replacement  cost  and  depreciation  are  based  on 

compound  analogues,  with  the  estimated  amount  of  the  latter  being 

significantly  influenced  or  determined  by  the  value  estimate  derived  by 

the  market  method,  V^.    The  essence  of  this  view  seems  to  be  shared  by 

at  least  one  leading  academician.    Professor  Ratcliff  states  that: 

It  should  be  clear  that  if  this  base  figure,  cost, 
is  a  meaningless  figure  in  the  first  place,  as  it 
clearly  is  when  the  structure  is  old  and  obsolete, 
then  this  meaningless  figure  as  adjusted  by  depre- 
ciation is  also  meaningless,  unless  the  appraiser 
has  already  arrived  at  a  final  value  figure  by 
other  means  and  fudges  the  depreciation  adjustment 
so  that  the  net  adjusted  value  figure  is  close  to 
his  already  determined  value.    We  will  accuse  many 
appraisal  practitioners  of  doing  just  this  in  many 
cases,  for,  in  fact,  they  have  little  choice  if 
compelled  to  employ  the  cost  approach. 

The  future  income  method  is  sound  in  theory  and  in  practice. 
The  following  equation  (see  case  3)  indicates  the  nature  of  the  "income- 
method"  valuation  problem  under  conditions  of  uncertainty  and  identi- 
fies the  relevant  variables. 

=  R 


l-(l^i)^-' 
i 


Richard  U.  Ratcliff,  "Real  Estate  Valuation  and  Highway  Con- 
demnation Awards,"  Wisconsin  Commerce  Reports,  University  of  Wisconsin 
at  Madison,  Vol.  VII,  No.  6,  June,  1966,  pp.  27-28. 
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where:    R    =    revenue  based  on  economic  rent 
t    =    date  of  appraisement 

n    =    expected  economic  life  of  revenue  stream 
i    =    market  rate  of  interest 

In  the  valuation  model,  t  is  known,  R  and  n  are  forecasts,  and 
i  is  a  current  market  determination.  Clearly,  the  market  value  in  this 
situation  can  only  be  stated  as  a  probability. 

It  is  obvious  that  the  forecasts  can  not  be  independent 

opinions  of  the  appraiserj  rather  the  forecasts  of  R  and  n  must  be  a 

reflection  of  the  current  "opinion"  of  buyers  and  sellers  since  they 

establish  market  value.    Thus  it  appears  that  the  compound  analogy,  or 

some  other  form  of  logical  argument,  must  also  be  used  to  establish 

market  estimates  for  R,  n  and  i.    Once  estimates  of  R,  n  and  i  for  the 

subject  property  have  been  inferred  from  an  analysis  of  the  market  data, 

the  value  estimate  may  be  processed  by  an  appropriate  valuation  model, 

e.g.,  those  discussed  in  cases  1,  2,  3  and  h.    An  analysis  of  appraisal 

literature  will  establish  that  the  estimated  value  by  the  market  method 

.  .  22 

is  currently  based  on  the  compound  analogy,  implicitly  or  explicitly. 
This  subjects  the  income  method  to  the  basic  weaknesses  of  the  analogical 
argument  as  discussed  earlier. 

This  analysis  tends  to  support  the  views  of  Professors Ratcliff 
and  Wendt  regarding  the  efficacy  of  conventional  real  estate 

^^See:  Richard  U.  Ratcliff,  Current  Practices  in  Income  Prop- 
erty Appraisal:  A  Critique,  Research  Report  i*Jo.  30,  The  Center  for  Real 
Estate  and  Urban  Economics,  University  of  California  at  Berkeley,  196?; 
and  American  Institute  of  Real  Estate  Appraisers,  The  Appraisal  of  Real 
Estate,  Chicago,  196?. 
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appraisal  methodology.^"^    However  their  criticisms  focus  mainly  on  the 
theoretical  foundations  of  the  alternative  methods  under  conditions  of 
uncertainty,  while  this  study  identifies  the  compound  analogy  form  of 
logical  argument,  which  is  used  almost  exclusively  in  current  appraisal 
practice,  as  the  fundamental  source  of  the  replication  problem  and  the 
reason  for  the  paucity  of  reliable  knov/ledge  concerning  price-value 
relationships  in  the  urban  residential  housing  market.    As  one  logician 
noted,  an  inference,  e.g.,  value  estimate,  can  be  strengthened  by 
changing  the  content  or  the  form  of  the  logical  argument.       The  pur- 
pose of  this  study  is  to  test  the  plausibility  and  feasibility  of  the 
latter  alternative. 

The  preceding  analysis  and  conclusions  may  be  siimmarized  as 

follows : 

1.  The  cost,  market  and  income  methods  are  theoretically 
sound,  given  perfect  information,  or  specified  premises. 

2.  A  valuation  based  on  imperfect  knowledge  is  an  inference 
and  should  be  stated  as  a  probability. 

3.  The  value  estimate  derived  by  the  cost  approach,  under 
conditions  of  uncertainty,  is  based  ultimately  on 
current  market  comparisons  similar  to  the  market  method. 
The  cost  method  appears  to  be  a  superficially  "independ- 
ent" approach  and  its  use  probably  cannot    be  justified 

^"^lichard  U.  xlatcliff,  "A  Restatement  of  Appraisal  Theory," 
Wisconsin  Commerce  Reports,  Vol.  VII,  No.  1,  U'niversity  of  Wisconsin  at 
Madison,  1963;  and  Paul  h\  rfendt,  Real  Estate  Ap])raisal;    A  Critical 
Analysis  of  Theory  and  Practice,  Hew  York,  1956. 

^^laylon  H.  Hepp,  Thinking  Things  Through;    An  Introduction  to 
Logic,  New  York,  1956. 


except  where  the  market  and  income  methods  are  clearly 
not  applicable. 
h.    The  future  income  method  is  sound  in  theory  and  in 

practice.    It  is  based  in  the  final  analysis  on  current 
market  comparisons. 

Value  estimates  by  the  cost,  income  and  market  methods 
are  based  ultimately  on  current  market  data  and  a 
comparison  of  the  subject  property,  or  specified 
variables,  with  "similar"  properties  in  the  market,  with 
adjustments  for  degree  of  comparability. 

6.  A  number  of  writers,  including  this  one,  have  seriously 
questioned  the  efficacy  of  current  real  estate  appraisal 
methodology  on  empirical  and  logical  grounds. 

7.  Conventional  appraisal  practice  relies  heavily  on  the 
compound  analogy    as  a  logical  argument.    Its  strengths 
and  weaknesses  are  a  function  of  the  number  of  basic 
analogues,  and  the  extent  of  similarity  and  disparity 
between  the  basic  and  derivative  analogues. 

8.  One  way  to  increase  the  strength  of  an  inference,  e.g., 
a  value  conclusion,  is  to  change  the  form  of  the  logical 
argument . 

9.  The  viability  of  an  alternative  form  of  logical  argument 
seems  to  warrant  investigation. 


CHAPTER  IV 


A  THEORY  OF  PRICE  DETERI-IINATION  IN  A  DEFINED 
URBAN  RESIDENTIAL  HOUSING  MARKET 

The  Postulated  Theory 

A  theory  is  initially  a  hypothesis,  and  may  be  defined  as  a 
tentative  high-level  generalization  that  seeks  to  explain  and  systema- 
tize real  world  phenomena.      A  theory  is  confirmed  (i.e.,  consistently 
not  rejected)  by  deducing  from  it  lesser  generalizations,  and  ultimate- 
ly specific  hypotheses  which  can  be  tested  for  their  empirical  validity, 
i.e.,  do  the  facts  agree  with  the  theory.    Thus  the  logical  method  from 
theory  to  fact  is  deductive,  while  empirical  inquiry  relates  fact  to 
theory  by  induction. 

The  aim  of  this  chapter  is  to  postulate  a  theory  of  urban 
residential  price  determination  to  guide  the  development  of  an  empirical 
model.    A  theory  may  be  founded  on  a  priori  considerations,  existing 
theoretical  propositions,  and  empirical  generalizations  from  observa- 
tion and  experience.    All  of  these  sources  are  utilized  in  deriving  the 
postulated  theory  of  market  behavior. 
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A  priori  premises:    buyers  and  sellers  can  order  alternatives, 

2 

and  the  exchangors  seek  to  maximize  their  own  welfare.  Postulated 
Theory;    exchange  ratios  in  a  defined  urban  residential  housing  market 
are  determined  by  a  bargaining  process  between  a  finite  number  of 
buyers  and  sellers  of  a  heterogeneous  product  in  a  dynamic  environment, 
with  the  price  of  a  particular  property  being  a  function  of:  product 
specification;  subjective  valuations;  past,  present  and  expected  future 
exchange  ratios  of  the  subject  and  substitute  properties;  past,  present 
and  expected  future  levels  and  elasticities  of  supply  and  demand; 
dynamic  environmental  factors;  information  system;  and  interaction  of 
buyers  and  sellers.  , 

The  urban  residential  market  structure  can  be  generally  char- 
acterized as  bilateral  oligopoly,  broadly  defined  to  include  new  and 
resale  housing.      A  conceptualization  of  the  theory  is  presented  in 
Figure  III.    An  examination  of  the  market  model  reveals  a  number  of 
explicit  or  implicit  features  of  the  theory. 


William  J.  Baumol,  Economic  Theory  and  Operations  Analysis, 
2d    ed.,  Englewood  Cliffs,  New  Jersey,  1965. 

\his  is  a  general  characterization  since  the  term  is  usually 
ap].)lied  in  economic  analysis  to  producers  and  consumers  of  the  initial 
productive  process,  i.e.,  price  and  output  determination.    The  "resale" 
market  is  not  customarily  included  in  an  analysis  of  market  structure. 
However  the  use  of  the  terra  seems  justified  where  only  price  (and  not 
output)  determination  is  being  investigated,  since  many  of  the  features 
of  a  bilateral  oligopoly  structure  do  characterize  the  new  and  resale 
urban  residential  market,  e.g.,  a  relatively  small  number  of  buyers  and 
sellers  of  a  heterogeneous  product,  indeterminancy  of  price,  etc.  For 
a  discussion  of  this  structure,  see      Richard  A.  Bilas,  Microeconomic 
Theory,  Hew  York,  1967. 
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-  A  Model  of  Price  Determination  in  a  Defined 
Urban  Residential  Housing  Market 
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1.  The  model  recognizes  that  the  market  is  dynamic. 

Market  valuations,  as  discussed  in  chapter  two,  are 

founded  on  past,  present  and  expected  future  exchange 

ratios,  which  are  in  turn  determined  by  an  interaction 

5 

of  market  elements. 

6 

2.  A  general  quasi-equilibritun  system  is  postulated. 

Many  factors  interact  to  determine  the  general  level 

and  structure  of  prices,  with  the  actual  exchange  price 

7 

being  indeterminate  due  to  the  bargaining  process. 

3.  Supply  and  demand  are  founded  on  the  economic  processes 

8 

of  production  and  consumption,  respectively.  Supply 

is  based  on  a  transformation  of  land,  labor  and  capital 

in  a  technological  environment,  while  demand  reflects 

the  expected  utility  to  be  derived  from  consumption. 

The  level  and  intensity  of  demand  is  influenced  by  past, 

present  and  expected  future  prices  of  the  subject  and 

substitute  products,  income  levels  and  wealth,  tastes 

and  preferences,  expectations  regarding  future  supply 

9 

and  demand  conditions,  etc. 


^Kenneth  E.  Boulding,  Economic  Analysis,  i|th  ed..  New  York, 

1966. 

%bid. 

William  J.  Baumol,  Economic  Theory  and  Operations  Analysis, 
2d  ed.,  Englewood  Cliffs,  New  Jersey,  196^. 


1966. 


•7 

Kenneth  E.  Boulding,  Economic  Analysis,  Uth  ed..  New  York, 

^Ibid.  '  ■ 

o 

Richard  A.  Bilas,  Microeconomic  Theory,  New  York,  196?. 


U.    The  model  encompasses  new  and  resale  housing,  with  the 
two  interacting  to  influence  the  level  and  structure  of 
prices. 

5.  The  market  elements  are  linked  by  an  information  system 
-  which  influences  the  efficiency  of  the  exchange 
mechanism. 

6.  Some  specification  of  the  heterogeneous  product  is 
required  in  order  to  evaluate  the  alternatives  (based 
on  a  priori  premises). 

7.  Subjective  valuations  are  influenced  by:    product  spec- 
ification; the  expected  utility  to  be  derived  from  the 
consumption  of  the  specified  product;  buyers'  and 
sellers'  "programmed"  behavior;  past,  present  and 
expected  future  exchange  ratios  (which  are  influenced 
by  supply  and  demand,  etc.);  environmental  factors; 
information  system,  and  interaction  of  buyers  and 
sellers. 

8.  Prices,  i.e.,  actual  exchange  ratios,  are  determined  by 
an  interaction  of  all  the  elements  in  the  market  system, 
as  stated  in  the  postulated  theory. 


Lesser  Generalizations 

■         •  -  >  ■ 

The  postulated  theory  is  a  high-level  generalization  which 
seeks  to  "explain"  residential  market  behavior.    Since  a  theory  is  too 
general  to  test  directly,  it  is  customary  to  deduce  from  the  theory  a 
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number  of  lesser  generalizations  -  from  which  specific  hypotheses  may 
be  deduced  in  order  to  empirically  test  the  theory. 

The  purpose  of  the  inquiry  was  not  to  tentatively  confirm  a 
theory,  but  rather  to  develop  a  predictive  model  for  pragmatic  reasons. 
A  theory  of  price  determination  was  postulated  to  guide  the  development 
of  an  empirical  model  for  this  and  other  residential  markets.    An  \indue 
attempt  was  not  made  to  postulate  a  theory  based  on  an  impeccable 
logical  system.    Thus  the  postulated  lesser  generalizations  in  this 
study  have  been  founded  on  economic  propositions  and  empirical  generali- 
zations from  observation  and  experience,  rather  than  seeking  to 
formally  deduce  them  from  a  theory  which  was  not  formulated  for  that 
purpose.    The  following  lesser  generalizations  are  presumed  to  be 
logically  consistent  with  the  postulated  theory,  or  at  least  they  do 
not  appear  to  be  patently  inconsistent. 

1.  Bargaining  presupposes  a  conflict  of  interest.  The 
objectives  of  the  parties  are  inconsistent,  i.e., 

10 

sellers  desire  to  sell  dear  and  buyers  wish  to  buy  low. 

2.  Exchanges  occur,  in  the  absence  of  compulsion,  because 
the  transaction  is  mutually  beneficial  to  the  respec- 
tive parties.    A  range  of  mutually  beneficial  exchange 

ratios  presumably  prevails  if  a  transaction  is  to 

11 

occur  (defined  to  include  a  one-price  range). 


This  is  customarily  analyzed  by  the  use  of  indifference  and 
contract  c\irves  (i.e.,  by  use  of  the  Edgeworth  Box).  See:  Richard  A. 
Bilas,  Microeconomic  Theory,  Hew  York,  1967. 

■•■•^Ibid. 
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3.    A  structure  of  prices  exists  for  a  heterogeneous 

product  in  a  given  iriarket  and  time .    The  structure  of 
prices  will  be  related  to  a  product  specification  or 
classification  system. 

h.    The  general  level  of  prices  is  determined  by  an  inter- 
action of  market  elements,  e.g.,  supply  and  demand, 
etc.,  in  a  dynamic  environment. 

5.  Subjective  valuations  are  influenced  by  the  expected 
utility  flow  to  be  derived  from  the  consuraption  of  a 
specified  product,  and  "programmed"  behavior. 

6.  The  residential  housing  product  is  heterogeneous. 
Important  factors  which  differentiate  residential 
properties  are:    improvement,  site,  neighborhood,  and 
location.    (This  is  not  an  exhaustive  enumeration  of 
factors,  but  are  those  considered  to  be  relevant  and 
measurable  for  the  purpose  of  this  inquiry.; 

7.  The  equilibrium  exchange  ratio  for  a  specified  product 
is  indeterminate  within  the  range  of  mutually  benefi- 
cial prices,  with  the  actual  price  established  by  the 

13 

bargaining  process.       The  price  is  influenced  by: 
"programmed"  behavior  of  the  exchange rsj  the  relative 
bargaining  power  and  skill  of  the  parties;  the  quan- 
'  '    tity  and  quality  of  the  market  information  received  by 


•^^Alfred  A.  Ring,  The  Valuation  of  Real  Estate,  Englewood 
Cliffs,  New  Jersey,  1970. 

■'■%ichard  A.  Bilas,  Microeconomic  Theory,  New  York,  1967. 
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the  participants;  and  miscellaneous  conditions 
affecting  the  transactions,  such  as,  urgency  of 
decision,  terras  of  finance,  etc. 

A  General  Model  of  Price  Determination 

An  objective  of  the  research  is  to  identify  strategic  varia- 
bles which  influence  price  variations  and  then  to  determine,  i.e., 
measure,  their  effect.    If  this  is  accomplished,  then  the  specified 
relationships  could  be  used  to  predict  market  value  for  real  property 
taxation  purposes,  etc. 

The  postulated  theory  and  lesser  generalization  are  founded  on 
a  priori  considerations,  utilization  of  conventional  economic  proposi- 
tions and  empirical  generalizations.    Consistent  with  these  premises,  a 
model  of  residential  price  determination  needs  to  acknowledge  the  in- 
fluence of  the  elements  of  the  market  system,  namely,  supply  and  demand, 
subjective  valuations,  product  specification,  exchange  ratios,  ex- 
changers, information  system,  and  dynamic  environmental  factors. 

It  would  be  an  enormous,  if  not  impossible,  task  to  develop  an 
operational  model  incorporating  all  the  postulated  elements  of  the 
system.    The  problem  can  be  simplified  by  carefully  specifying  the  scope 
of  the  inquiry,  and  by  basing  the  model  on  certain  premises  and/or 
assumptions,  thereby  reducing  the  elements  of  the  system  to  be  investi- 
gated.  •  , 


■Ralph  H.  Blodgett,  Our  Expanding  Economy,  New  York,  1955. 
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The  scope  of  the  study  was  limited  to  a  static  model  of  a 
specified  segment  of  the  urban  housing  market.    Since  the  product  is 
characterized  by  extreme  heterogeneity,  the  approach  of  this  study  is 
to  relate  a  system  of  product  specification  to  the  structure  of  prices. 
This  portion  of  the  model  of  market  behavior  is  assumed  to  be  deter- 
minate.   The  indeterminancy  of  prices  due  to  the  bargaining  process  and 
imperfections  in  the  information  system  is  incorporated  into  the  model 
as  an  error  teim,  while  the  general  level  of  supply  and  demand,  the 
structure  of  the  market,  and  environmental  forces  are  postulated  to  be 
relatively  stable  over  the  period  under  investigation. 

A  main  hypothesis  to  be  tested  is  that: 

Y  =  f  (Xi,  X2,  X3,         e  (  S,  D,  K^) 

where: 

I    =    expected  or  probable  urban  residential  sale 

price  in  a  specified  market  in  the  time  period 
under  consideration 
X-j^    =  improvements 
X2    =  site 

=  neighborhood 
X^    =  location 
e    =    error  term 
|S,D,Kj^    =    given  supply  and  demand  conditions  and  other 
market  factors,  i.e.,  these  are  assumed  to  be 
»  ^      relatively  stable  during  the  short-inin,  say 
,        three  months. 
The  simplest  predictive  model,  consistent  with  the  objectives 
of  the  study,  seems  warranted  since  little  is  known  of  the  nature  of 


the  functional  relationships  influencing  price  determination.  Regres- 
sion analysis  provides  a  simple,  yet  powerful,  technique  for  investi- 
gating problems  similar  to  those  identified  by  this  study.    Draper  and 
Smith  note  that  a  linear  predictive  model  may  adequately  identify  and 

describe  the  main  elements  and  relationships  of  the  system  being 
15 

investigated.       A  multiple  regression  model  is  especially  useful  where 

little  is  known  about  the  nature  and  behavior  of  the  system.  The 

regression  model  may  help  identify  relevant  variables,  and  may  provide 

guidelines  for  further  research. 

Based  on  the  premise  that  supply,  demand  and  other  market 

elements  not  specified  in  the  model  remain  relatively  stable  during  the 

period  under  investigation,  a  first-order  linear  regression  model  is 

used  to  test  the  statistical  hypotheses  regarding  the  relation  of 

16 

predictor  variables  to  sale  price. 


A 

I  =       +  Ojl^  +  a2X2  +  . . .  +  a^^Xn  +  e 


where : 


A 

Y  =    estimated  sale  price  or  response  variable 
=    partial  regression  coefficients,  or  parameter 
estimators 

Xj^  =    predictor  variables,  or  regressors 
e  =    error  term,  assumed  to  be  randomly  distributed. 


"'"%.R.  Draper  and  H.  Smith,  Applied  Regression  Analysis,  New 
York,  1966.  ^  

^^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 
1970.   
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The  assumptions  of  the  classical  linear  regression  model  to  be 

used  are: 

1.  the  values  of  X^,  Xj^  are  fixed,  i.e.,  determinate; 

2.  the  random  variables  1^  are  statistically  independent, 
with 

a.  E  (Y^)  =  ao  +  ajj^.^  +  ...  +  a^Xn,  where, 

A 

E  (Yi)  =  expected  mean  of  Y^,  given  X-j^,  ..*,  Xn. 

b.  and  variance  =         (i.e.,  homoscedasticity  is 
assumed) 

3.  Or  alternatively,  since    the  distribution  of  Yi  -  Yj_  and 
ej[  are  the  same  except  that  the  latter  has  been  trans- 
lated onto  a  zero  mean,  it  is  assumed  that  the  error 
terms,  e^,  are  independent  normally  distributed  random 
variables,  with 

a.  mean  =0 

2 

b.  variance  =  o"  =1 


To  summarize,  the  assumptions  are: 

1.  the  values  of  the  X^  regressors  are  fixedj 

2.  the  expected  mean  of  ei  is  zero,  and 

3.  E  (e2)  =  <r  2  =  1 


l^See:    David  S.  Huang,  Regression  and  Econometric  Methods, 
New  York,  1970;  and  Ronald  J.  Wonnacott  and  Thomas  H.  Wonriacott,  Econo- 
metrics, New  York,  1970. 


CHAPTER  V 


AN  EI-IPIRICAL  MODEL  OF  PRICE  DETERMINATION  IN  A 
DEFINED  URBAN  RESIDENTIAL  HOUSING  MARKET 

The  Variables 

A  theory,  lower-level  generalizations,  and  a  generalized 
model  of  urban  residential  price  determination  were  postulated  in 
Chapter  IV,  and  regression  analysis  was  specified  as  the  procedure  to 
be  used  to  measure  the  relationships. 

The  factors  in  the  general  model  are  not  amenable  to  direct 
testing.    Therefore  to  test  the  theory  it  is  necessary  to  postulate 
specific  hypotheses.    The  selection  of  the  variables  was  based  on 
theoretical  economic  propositions  and  empirical  generalizations  from 
experience  and  observation.    The  hypotheses  were  not  deduced  rigorously 
from  the  postulated  theory  of  market  behavior,  but  are  presumed  to  be 
consistent  with  the  theory. 

The  population  to  be  sampled  was  defined  in  Chapter  I. 
Sources  of  information,  functional  form  and  a  more  detailed  description 
of  each  variable  are  found  in  Appendix  A.    A  listing  and  summary  de- 
scription of  the  variables  in  the  "selected"  predictive  model  is  in 
Table  I  of  this  chapter.    Other  variables  tested  and  rejected  are  con- 
tained in  Appendix  G.         ,      "  .  '  /  *  ' 

^9 
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Table  I  -  Definition  and  Acronym  of  Variables  That  Appear  in  Chapter  V 


Variable 

Acronym 

Description 

Y 

SALEPR 

A 

Sale  price  in  dollars  (Y  =  expected  or  esti- 
mated sale  price) 

QUl^BLA 

Quantity  of  square  feet  (S.F.)  in  the  basic 
living  area  of  the  improvement 

X2 

QUNAUX 

Quantity  of  S.F.  in  auxiliary  areas  of  the 
improvement,  e.g.,  garage,  patio,  etc. 

QULINX 

Quality  of  construction  index 

AGEIMP 

Chronological  age  of  improvement 

H 

LOTSIZ 

Quantity  of  S.F.  in  lot  (size) 

SITE  2^ 

Site  facility  rating  of  2 

1 

IJEIQL  2^ 

Neighborhood  index: 

NEIQL  3^ 

ratings  2,  3  and 

X9 

NEIQL 

^10 

DISTUF  ^ 

Distance  from  University  of  Florida,  measiired 
at  right  angles 

^11 

DTUFSQ  ^ 

(DISTUF)^ 

X-L2 

DISTMP  c 

Distance  from  "MP"  zoned  areas  (heavy  manu- 
facturing) ,  measured  linesu*ly 

DTMPSQ  c 

(DISTMP)2  „ 

AREA 

Area  in  West  Gainesville,  delineated  from  the 
East  by  Main  Street 

^Dummy  variables 

Quadratic  function  for  distance  from  the  University  of  Florida 
Quadratic  function  for  distance  from  areas  zoned  "MP" 
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Dummy  variables  are  used  to  account  for  the  influence  of 
qualitative  or  classification  variables  in  the  model.    The  value  of  the 
dummy  variable  for  a  given  observation  is  0  or  1  depending  on  the 
classification  assigned  to  the  property.    For  example,  if  a  given 
property  is  rated  NEIQL  3,  then  the  NEIQL  dummies  used  in  predicting 
sale  price  would  appear  in  the  estimating  equation  as     a  y(0)  +   a  q(1)  + 
a  9(0),  i.e.,  only  the  value  of  the  coefficient  for  variable  Xg  is  in- 
cluded in  the  prediction  of  sale  price.    Dummy  variables  are  commonly 
used  in  empirical  investigations  and  have  been  widely  discussed  in  sta- 
tistical and  econometric  literature 

A  number  of  the  variables  enter  the  equation  as  quadratic  func- 
tions, namely,  DISTUl^  DTUFSQ  and  DISTMP,  DTI-IPSQ.    The  Xi  values  of 
these  second -order  variables  are  transformed  before  the  calculations 
are  performed,  permitting  the  use  of  a  first-order  (in  X)  linear  (in 
the  parameters)  regression  model.    The  development  of  the  model  v;as 
based  on  a  limited  range  of  transformed  Xi  values  on  the  assumption 
that  the  quadratic  functions  approximate  the  true  relationship  over 
the  range  of  values  examined.    Any  predictions  based  on  1^  values  beyond 
the  range  used  in  constructing  the  model  are  precarious,  i.e.,  little 
confidence  can  be  placed  in  the  estimate. 

Multicollinearity  of  the  data  is  a  major  problem  in  the  study 

since  it  complicates  the  development  of  the  model  and  limits  the  inter- 

2 

pretation  of  the  results.      The  nature  and  extent  of  the  problem  are 


See:    David  S.  Huang,  Regression  and  Econometric  Methods, 
New  York,  1970;  Ronald  J.  Wonnacott  and  Thomas  H.  Wonnacott, 
Econometrics,  New  York,  1970;  and  Arthur  S.  Goldberger,  Topics  in 
Regression  Analysis,  London,  1968. 

2 

Ronald  J.  i^fonnacott  and  Thomas  H.  Wonnacott,  Econometrics. 
New  York,  1970.   
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readily  apparent:    the  "better"  neighborhoods  generally  contain  larger 

than  average  houses,  vrLth  better  than  average  quality  of  construction, 

and  usually  large  lots  with  attractive  topographical  features.    Thus  if 

a  type  of  neighborhood  is  specified,  the  magnitude  of  other  variables 

is  also  to  a  large  extent  "determined".    This  will  be  a  major  problem 

and  limitation  in  any  residential  market. 

Where  multicollinearity  exists,  it  is  most  difficult  to  obtain 

an  accurate  estimate  of  the  true  partial  regression  coefficients,  and 

even  the  selected  set  of  variables  in  the  equation  can  be  easily  ques- 

3 

tioned,  as  an  alternative  set  may  yield  similar  results.      However  for 
predictive  purposes  most  writers  agree  reliable  estimates  may  be  obtained 
if  no  attempt  is  made  to  predict  or  forecast  the  response  variable,  e.g., 
sale  price,  by  using  values  of  the  predictor  variables,  X^j  removed 
from  their  collinear  context.^    In  other  words,  a  properly  specified 
model  may  predict  reliable  results  when  observed  values  of  the  regres- 
sors  are  used  since  the  collinearity  which  influenced  the  estimated 
values  of  the  coefficients  presumably  still  characterizes  the  data. 
However  it  is  hazardous  to  attempt  to  isolate  the  influence  of  a  speci- 
fied variable  or  to  attribute  a  particular  significance  to  the  respec- 
tive values  of  the  partial  regression  coefficients.    It  is  also  precar- 
ious to  predict  Y  using       values  beyond  the  range  investigated  when 
constructing  the  model. 


^Ibid. 

^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 


Model  Selection;    Criteria  and  Procedure 
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Many  models  were  examined  in  the  process  of  selecting  the 
final  model.    In  view  of  the  multicollinearity  problem,  and  since 
there  are  conflicting  objectives,  there  is  not  a  "best"  model  for  a 
given  market.    The  selection  of  the  final  model  in  this  study  was 
guided  by  the  following  considerations. 

1.  The  selected  equation  should  be  accurate  and  reliable. 

The  following  goals  and  standards  were  used:  the 

standard  error  of  the  estimate,  Se,  should  be  lowj  the 

adjusted  coefficient  of  determination,  R  ,  should  be 

high  (0.92  was  a  target) j  and  the  equation  should  be 

statistically  significant  (an       error  =  .0^  for  the  F 
6 

test  was  used) . 

2.  The  variables  in  the  selected  model  should  be:  statis- 
tically significant  (a  3%  confidence  level,  based  on 
an  CH  =  .0^  two- tailed  "t"  test  was  used) 5  logically 
supportable,  i.e.,  consistent  with  theory  and  empiri- 
cal generlaizations;  and  relatively  stable  over  the 
sample  space. 

3.  The  fewest  number  of  variables  possible  -  consistent 
with  other  objectives  -  was  an  aim  in  view  of  the  cost 
of  information. 


1966. 


^N.R.  Draper  and  H.  Smith,  Applied  Regression  Analysis,  New  York, 
6, 


For  a  concise  glossary  of  statistical  terms  and  criteria,  see 
William  J.  Fraser,  Jr.,  The  Demand  for  Money,  New  York,  196?. 
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U.    The  type  of  function  used  to  relate  the  variables, 

where  viable  alternatives  exist,  was  based  on  the 

following  considerations,  with  the  final  choice 

being  influenced  by  objectives  one  and  two  above: 

consistency  with  theoretical  propositions,  empirical 

"best"  fit  and  simplicity. 

The  selection  of  the  final  model  is  an  enormous  task  when 

there  is  a  large  number  of  variables  to  be  tested  and  multicollinearity 

is  a  problem.    The  number  of  possible  models,  i.e.,  combinations  of 

variables,  may  be  literally  thousands.    The  selection  problem  however 

may  be  greatly  reduced  by  limiting  the  selection  of  variables  to  those 

which  can  be  justified  on  theoretical  and  empirical  grounds,  and  by 

following  a  selection  procedure. 

The  final  model  in  this  study  was  selected  by  using  several 
7 

procedures.      A  preliminary  feel  for  the  data  was  obtained  by  the  use 
of  descriptive  statistics,  simple  regressions,  scatters  of  all  X 
variables  with  the  Y  variable,  correlation  matrix  and  plots  of  residuals. 
A  tentative  model  was  then  selected  using  a  "backward  elimination  proce- 
dure", i.e.,  all  variables  were  initially  included  and  then  statistical- 
ly insignificant  regressors  were  systematically  dropped  from  the  equa- 
tion.   And,  finally,  the  selected  model  was  derived  by  a  "forward  selec- 
tion procedure" .    The  " tentative"  model  was  used  as  the  starting  equa- 
tion, and  previously  deleted  variables  were  re-run  with  the  model  until 
a  criteria-optimizing  model  was  obtained. 


'N.R.  Draper  and  PI. Smith,  Applied  Regression  Analysis,  New  York, 

1966. 
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The  use  of  two  selection  procedures,  where  multicollinearity 

8 

is  a  problem,  minimizes  weaknesses  individually  inherent  in  each. 
For  example,  if  only  the  backward  procedure  is  used,  some  significant 
variables  may  be  deleted  before  their  influence  is  manifested,  i.e., 
their  significance  may  not  be  apparent  until  other  variables  are  deleted 
from  the  equation.    Some  writers  recommend  a  "stepwise  regression  pro- 
cedure", especially  when  used  in  conjunction  with  other  procedures,  such 

9 

as  "forward  selection".     A  stepwise  regression  program  was  used  as  a 
subsidiary  procedure  in  this  study. 

The  appendices  contain  computer  print-outs  summarizing  relevant 
descriptive  statistics,  matrices,  simple  regression,  scatters  of 
certain  X  variables  with  the  Y  variable,  and  key  equations  tested  in 
step  three  of  the  selection  procedure.    A  careful  analysis  of  the  key 
equations  reveals  the  difficulties  of  selecting  the  regression  equa- 
tion where  multicollinearity  is  a  problem,  i.e.,  a  selection  procedure 
is  needed;  there  is  not  a  "best"  model,  rather  the  final  model  depends 
on  the  selection  criteria;  and  the  selected  model  satisfies  most  of  the 
criteria  of  this  study. 

The  Selected  Model 

The  selected  regression  equation 

Y  =  aiXi  +  a2X2  +  . . .  +  ai^Xil; 
was  fitted  to  l63  observations  of  Yi  and  Xij,  based  on  transactions  in 


"Ibid. 
9lbid. 
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the  Gainesville,  Florida,  residential  market  during  the  period 
October  1,  1970,  to  March  31,  1971.    All  sales  occurring  during  the 
period  were  included  in  the  sample  if  they  met  the  specifications  of 
the  defined  population  (see  Chapter  l).    The  predictive  model,  based  on 
least  squares  estimates  of  the  coefficients,  a       . . . a  li^,  is  presented 
below,  with  relevant  statistics  for  evaluating  the  predictor  variables 
and  equation  (all  calculations  rounded)  ."^^^ 


A 


Yi    =  7.22  Xi     +  3.82  X2     +  79.63  X3 

(si  =       0.5^)  (s2  =     1.73)  (33  =  12.77) 

(ti  =     13.22)  (t2  =     2.20)  (t3  =  6.2U) 


-    I7I4.57  X^^     +  0.17  X5     +  7U5.87  X6 

(sl^  =     2U.07)  (s^  =     0.05)  (s6  =  25i|.8l) 

(ti^  =       7.25)  (t5  =     3.21)  (t6  =  2.93) 


+  1156.38  Xy  +  U21U.57  Xg  +  7U33.98  X9 

(37  =    389.32)  (s8  =  631.35)  (39  =  806.87) 

(ty  =      2.97)  (t8  =     6.68)  (t9  =  9.21) 

-  1666.36  X-j^Q  +  126. ii7  X^i  +  1133.58  X12 

(sio=    355.61)  (sii=   31. 5U)  (si2=  315.56) 

(tio=     -i;.69)  (tii=     ii.Ol)  (ti2=  3.59) 


■^^Villiam  J.  Fraser,  Jr.,  The  Demand  for  Money,  New  York,  1967. 
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-     6U.52  X3^3     *  ^^"^-^^  ^lli 

(si3=     16.52)  (sm=  U02.29) 

(ti3=     -3.91)  (tii^=  2.03) 

Se    =   $1379. 8ii 
r2    =         0.95  . 
F     =  209.23 

where : 

X^,  X]^!^    =    regressors  summarized  in  Table  I 

S]_,  S]^!^    =    standard  error  of  the  estimated  regression 

coefficient,    Sl-^,  ^  ±1^,  of  the  respec- 

tive regressors 
iy^f  t-^l^   =    a-j^  /si,  3. -^l^/sll^,  all  computed  t 

values  are  significant  at  the  9^%  level 
(  o(  type  error  =  .05  /2  for  the  two-tail 
test) 

Se    =    standard  error  of  the  estimate  (for  the 
equation) 

=    coefficient  of  detennination,  adjusted  for 
the  degrees  of  freedom  ■ 
F    =    computed  F  value 
The  model  was  tested  with  and  without  a  constant  term.  The 
constant  was  suppressed  in  the  selected  equation,  i.e.,  the  regression 
surface  intersects  the  Y  axis  at  zero,  since  the  value  of  the  term  was 
statistically  insignificant,  and  the  results  of  the  model  improved 
when  it  was  dropped  from  the  equation.    One  regressor  from  each  set  of 
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dummies  is  dropped  to  avoid  linear  dependence,  which  is  necessary  in 

11 

order  for  the  computer  to  complete  the  computations.       In  most  cases 
the  value  and  sign  of  the  suppressed  dummy  can  be  inferred.  For 
example,  "Area  E"  has  the  same  coefficient  value  as  "Area  v;" ,  but  has  a 
negative  sign. 


Interpretation  of  the  Model 

The  main  purpose  of  the  model  is  to  predict  or  forecast  sale 
price,  given  the  values  of  the  predictor  variables.  For  example,  the 
expected  sale  price  of  observation  number  I63  can  be  predicted  by  the 
estimating  equation  as  follows. 

Y163  =  7.22  Xi  +  3.82  X2  +  79.63  X3  -  17l|.57  Ik 

+  017  X5  +  7U5.87  X5  +  11^6.38  X7  +  U21U.57  Xq 

+  7U33.98  X9  -  1666.36  Xio  +  126. U7  X-l^^  +  1133.58  1^2 

-  6U.52  X13  +  817.13  Xii^ 

=  7.22  (2772)  +  3.82  (226)  +  79.63  (II6)  -  17U.57  (O) 
+  0.17  (17U00)  +  7ii5.87  (1)  +  1156.38  (0)  +  U21ii.57  (0) 
+  7li33.98  (1)  -  1666.36  (U)  +  126.1^7  (16)  +  1133.58  (9) 

-  6U.52  (81)  +  817.13  (1) 


David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 
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=  20013. 8U  +  863.32  +  9237.08  -  0 
+  2958.00  +  Ih^.Ql  +0+0 
+  7U33.98  -  6665.^^  +  2023.^2  +  10202.22 
-  5226.12  +  817.13 

=  $l;2,U03.1iO  - 

The  expected  or  predicted  sale  price  of  about  $U2,1;00  may  be 
compared  with  the  actual  sale  price  of  $U3,000.    Obviously  such  accu- 
rate estimates  are  not  always  predicted  by  the  model.    See  Appendix  E 
for  a  plot  of  predicted  versus  actual  sale  prices  for  the  l63  observa- 
tions in  the  sample. 

Statistical  inferences  are  never  certain.    However,  if  the 
postulated  generalizations  regarding  the  determination  of  prices  in  the 
residential  housing  market  are  well  founded,  if  the  assumptions  of  the 
regression  model  are  valid  or  nearly  so,  and  if  proper  statistical 
procedures  are  followed,  then  a  degree  of  confidence  in  the  predicted 
or  forecasted  value  of  Y  is  warranted.    And  conversely,  if  the  model 
predicts  consistent  results  using  data  not  known  when  the  parameters 
were  estimated  (i.e.,  extra-sample  observations),  then  a  degree  of  con- 
fidence in  the  postulated  generalizations  is  warranted.    The  validity 
of  the  assumptions  of  the  model  can  generally  be  tested;  the  validity 

of  the  postulated  theory  and  lesser  generalizations  can  only  be  in- 
12 

ferred. 


Maylon  H.  Hepp,  Thinking  Things  Through;    An  Introduction  to 
Logic,  New  York,  1956. 
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The  true  parameters  of  the  model,  **  i,  are  of  course  not  known, 
but  may  be  estimated  from  a  representative  sample  of  the  defined  popu- 
lation.   Statistical  theory  and  empirical  generalizations  indicate  that 
many  independent  samplings  of  the  population  would  yield  values  of  the 
estimator  coefficients,  ai,  which  are  expected  to  follow  the  "t"  distri- 
bution for  small  sample  sizes,    "t"  values  may  be  computed  from  the 
sample  information  and  compared  with  t  distribution  tables  to  test 

statistical  hypotheses  regarding  specified  relationships  between  the 

13 

regressor  variables  and  the  response  variable. 

In  this  study  the  computed  t  value  simply  expresses  a  ratio 
between  the  central  tendency  of  the  relation,  i.e.,  the  estimated  co- 
efficient, and  its  variability,  measured  by  the  standard  deviation  of 
the  estimated  regression  coefficient.    The  computed  t  values,  positive 
or  negative,  indicate  the  reliability  that  can  be  placed  in  an 
estimated  value  of  Y,  based  on  the  estimated  coefficient  and  the  given 
values  of  X.    The  acceptance  or  rejection  of  a  null  hypothesis,  e.g., 
a]^  =  0,  is  based  on  a  comparison  of  computed  t  values  with  the  critical 

values  from  a  t  distribution  table  for  specified  sample  sizes  and  con- 
11; 

fidence  levels. 

All  the  variables  in  the  selected  model  are  statistical  sig- 
nificant at  the  95  percent  level.    Although  the  true  parameters  are  un- 
known, it  can  be  inferred  that  the  true  parameter  is  expected  to  be  within 
the  intejrval,  a  1  t.Q25  (s),  about  95  percent  of  the  time,  ^  The  term 


13 

^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970.                ^  ... 

^^Ibid. 

15  . 

^Ibid.  }  * 
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"true  parameter"  must  be  cautiously  interpreted  where  multicollinearity 

is  a  problem.    Although  the  regression  coefficients  may  be  reliable  for 

prediction  purposes,  no  particular  significance  should  be  attached  to 

the  estimated  regression  coefficients  since  collinearity  in  the  data 

seriously  limits  the  specification  of  the  model  and  the  estimation  of 

16 

the  "true"  coefficients. 

The  computed  F  value,  209.23,  is  not  very  useful  in  evaluating 
the  equation  since  it  merely  indicates  that  the  model  is  highly  signif- 
icant and  warrants  the  rejection  of  the  null  hypothesis.    It  is  not  to 
be  inferred  from  this  statement  that  the  F  statistic  is  not  an  important 
one.    Rather,  since  the  F  statistic  is  related  to  the  t  test,       and  Se, 
the  latter  statistics  provide  alternative  measures  which  are  more  useful 

in  Interpreting  the  significance  or  effectiveness  of  the  selected 
17 

model.  • 

The  adjusted  coefficient  of  determination,  R    =  0,9$,  simply 

indicates  that  the  regression  equation  accounts  for,  or  "explains", 

about  95  percent  of  the  variation  in  sale  price.    Or  alternatively,  the 

standard  error  of  estimate,  Se  =  ca.  $1380,  implies  that  about  two-thirds 

of  the  obseiTved  sale  prices  are  expected  to  be  within  1  $1380  of  the 

estimated  sale  prices.    Both  measures  suggest  that  the  model  is  effec- 

18 

tive,  given  the  premises  and  assumptions  of  the  study. 

Although  the  "vital"  statistics  are  encouraging,  one  must  be 


^^Ibid. 
17 

'Carl  F.  Christ,  Econometric  Models  and  Methods,  New  York, 


1966. 

Regression  Analysis,  3d  ed..  New  York,  1963. 
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Mordecai  Ezekiel  and  Karl  A.  Fox,  Methods  of  Correlation  and 
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very  cautious  in  interpreting  the  effectiveness  of  the  model.  Several 
comments  should  help  put  the  model  into  perspective. 

1.  The  model  is  static,  i.e.,  it  is  based  on  the  premise 
that  the  forces  influencing  the  level  and  structure 
of  prices  are  relatively  stable.    These  forces  are 
however  dynamic  and  must  be  eventually  incorporated 
into  a  modified  model,  or  the  choice  of  variables  and 
estimates  of  the  parameters  periodically  re-deter- 
mined. > 

2.  The  model  is  based  on  a  defined  popiaation,  and  a 
particular  range  of       values.    Precarious  results 
are  obtained  if  these  limitations  are  not  observed. 

3.  Miilticollinearity  is  a  serious  problem.  Structural 
questions  have  not  been  answered  by  the  model.  The 
choice  of  variables  and  the  specified  relations  are 
in  many  cases  discretionary,  i.e.,  several  alternative 
models  could  have  been  chosen.    The  selected  model 
does  not  necessarily  represent  the  "best"  solution  to 
the  problem;  rather  it  is  considered  to  be  acceptable 
in  view  of  the  selection  criteria. 

k.    The  ultimate  test  of  a  predictive  model  is  pragmatic, 
i.e.,  will  it  predict  or  forecast  reliable  estimates. 
Although  the  preliminary  tests  (to  be  discussed  later) 
were  encouraging,  the  efficacy  of  the  model  must  be 
evaluated  in  light  of  operational  results. 


Prediction  and  Forecasting 
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The  main  purpose  of  most  regression  models  is  prediction  and 
forecasting.    As  noted  by  Huang  there  are  two  important  assumptions 
underlying  statistical  prediction  and  forecasting,  viz.,  that  the  model 
realistically  describes  the  behavior  of  the  system,  and  that  the  struc- 
ture  of  the  model  remains  relatively  stable  over  the  projection  period. 

A  conceptual  distinction  is  usually  drawn  between  prediction 

and  forecasting.    The  former  involves  estimating  the  expected  or  mean 

value  of  the  response  variable,  while  forecasting  refers  to  the  projec- 

20 

tion  of  a  single  value  of  Y.       Prediction  involves  estimating  a  point 
on  the  regression  surface  -  which  represent  the  expected  or  mean  value 
of  Y,  given  the  values  of  X^,         ...  X^.    Errors  of  prediction  are  due 
to  errors  in  estimating  the  parameters  -  given  of  course  that  the 
assumptions  of  the  model  are  correct. 

The  predicted  values  of  Y  for  the  observations  in  the  sample 
used  to  construct  the  model  are  calculated  and  plotted  against  the 
actual  sale  prices  in  Appendix  E.    A  confidence  interval  could  be 
constructed  around  the  predicted  values,  and  would  be  expected  to  have 
a  probability  of  say  0.95  of  bracketing  the  true  values.    Tax  assessors 
would  primarily  be  concerned  with  prediction  since  their  objective  is 
to  estimate  some  average  or  mean  value  of  Y. 


■^^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 
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The  fee  appraiser  on  the  other  hand  is  usually  concerned  with 

forecasting  individual  values  of  Y.    Although  the  point  estimate  is 

21 

the  same,  the  confidence  interval  is  wider  when  forecasting.  In 
addition  to  errors  in  estimating  the  parameters,  the  variance  of  the 
error  terra  must  also  be  considered.    In  sum,  the  variability  of  a 
single  value  of  Y  is  attributable  to  two  variances,  and  both  must  be 
allowed  for  when  constructing  confidence  intervals  for  the  forecasted 
values  of  Y. 

Verification  of  the  Model 

The  ultimate  verification  of  the  model  must  be  based  on 

operational  results.    However,  a  number  of  tests  may  be  conducted  to 

give  a  preliminaiy  verification  of  the  model.    A  critical  test  of  the 

validity  of  an  equation  or  model  is  its  ability  to  predict  "extra- 

22 

sample"  observation  values.       In  other  words,  the  equation  is  tested 
by  using  the  estimated  coefficients  to  predict  or  forecast  values  of  Y 
for  observations  not  used  in  the  estimation  and  construction  of  the 
predictive  model.  ^ 

The  model  in  this  study  was  tested  by  using  extra-sample 
observations.    The  parameters  of  the  model  were  estimated  by  using  all 
October,  1970, through  March,  1971> observations  in  the  defined  popula- 

^■^lonald  J.  Wonnacott  and  Thomas  H.  Wonnacott,  Econometrics, 
New  York,  1970. 

22 

Carl  F.  Christ,  Kconometric  Models  and  Methods,  New  York, 

1966. 
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tion.    The  model  was  tested  by  collecting  data  on  all  April  transactions 
in  the  defined  population  and  predicting  the  expected  sale  price,  based 
on  the  previously  estimated  parameters  and  given  the  Xij  values  of  the 
23  "new"  observations.    The  results  of  the  test  are  summarized  in  Table 
II. 

The  computed  mean  value  of  the  residuals  was  ca.  $U00,  while 
the  expected  value  was  zero,  based  on  the  assumptions  of  the  model. 
This  implies  that  there  may  have  been  an  upward  trend  in  actual  sale 
prices  which  was  not  accounted  for  by  the  static  model.    This  would 
not  be  an  unexpected  occurrence,  and  emphasizes  the  need  to  control 
and  maintain  the  model,  as  discussed  later.    On  the  other  hand,  about 
70  percent  of  the  actual  sale  prices  were  within  one  standard  error  of 
the  estimate  of  the  predicted  sale  price,  which  is  the  expected  result 
(68^)  based  on  the  assumptions  of  the  model.    An  overall  analysis  of 
the  extra  sample  residuals  suggests  that  the  model  forecasted  accept- 
able results. 

Another  procedure  is  to  test  the  stability  of  the  estimated 

23 

regression  coefficients,  a^,  over  the  sample  space.       Two  dimensions 
of  the  sample  space  were  tested,  viz.,  time  and  area. 

The  impact  of  time  on  the  stability  of  the  estimated  parame- 
ters is  of  critical  importance  since  the  main  purpose  of  the  model  is 
to  predict  or  forecast  over  some  time  space.    The  sample  was  split  into 
two  batches,  each  covering  a  three-month  period.       The  quarterly 


^^Ibid. 


^^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 
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regression  coefficients  were  computed,  and  are  compared  to  the  pooled 
coefficients,  i.e.,  those  estimated  in  the  final  model.    The  estimated 
coefficients,  with  the  respective  computed  t  value  (in  parentheses), 
are  summarized  in  Table  III. 

An  analysis  of  Table  III  seems  to  warrant  two  outstanding  con- 
clusions.   First,  those  variables  with  high  t  values  in  the  pooled 
sample  appear  to  be  relatively  stable,  while  those  with  low  t  values 
are  not  very  stable.    And  secondly,  the  standard  error  of  the  estimate, 
Se,  and  the  adjusted  coefficient  of  determination,  R^,  remain  at  about 
the  same  level  in  all  time  periods. 

The  seemly  contradictory  conclusions  dramatize  the  problem  of 
multicollinearity  and  underscores  the  warning  issued  earlier  about  the 
interpretation  of  the  results.    The  regression  model  may  be  reliable 
for  predictive  purposes,  but  questions  of  a  structural  nature  can  not 
be  answered.       It  would  appear  at  first  blush  that  the  use  of  the 
first  quarter  coefficients  to  predict  the  values  of  Y  for  the  observa- 
tions in  the  second  quarter  would  yield  unreliable  and  erroneous 
estimates  since  the  values  of  some  of  the  coefficients  changed  sharply. 
This  conclusion  does  not  necessarily  follow  since  there  may  have  been 
a  realignment  of  coefficient  values,  with  the  effects  netting  out  for 
predictive  purposes.    In  other  words,  one  variable  may  "rob"  another  of 

its  influence  and  statistical  significance,  but  the  common  influence  of 

26 

the  two  variables  may  not  be  lost  from  the  equation. 


Ronald  J.  Wonnacott  and  Thomas  H.  Wonnacott,  Econometrics, 
New  York,  1970. 

^^Ibid.  ^  '  ^ 


Table  III 


-  Quarterly  and  Pooled  Regression  Equation  Coefficients  for 
Estimating  the  Sale  Price  of  Single  Family  Residences  in 
the  Defined  Housing  Market^ 


•u 

Regressor" 

Uth.  Qtr.,  1970 

1st.  Qtr.,  1971 

Pooled^ 

QUNBLA 

7.99  ^ 
(11.62)^ 

6.6U 
(7.1i3) 

7.22 
(13.22) 

QUNAUX 

5.59 
(2.85) 

,  .  -1.20 
(-0.33) 

3.82 
(2.20) 

QULINX 

73.97 
(ii.69) 

91.63 
(U.37) 

79.63 
(6.2U) 

AGEBIP 

-101.53 
(-3.15) 

-209.25 

(-5.35) 

-17U.57 
(-7.25) 

LOTSIZ 

o.oU 

(0.60) 

0.25 

(2.32) 

0.17 
(3.21) 

SITE  2 

89.01 
(0.28) 

1156.52 

(2.92) 

7i;5.87 
(2.93) 

NEIQL  2 

2U98.55 
(ii.22) 

1300.20 
(1.83) 

1156.38 
(2.97) 

NEIQL  3 

6U3U.70 
(6.17) 

i;220.55 
(U.17) 

U21I1.57 

(0.00) 

MEIQL  k 

8635.61 
(7.95) 

7798.11 
(5.89) 

7U33.98 
(9.21) 

DISTUF 

-1573.86 
(-3.37) 

-20U5.28 
(-3.8U) 

-1666.36 
(-U.69) 

DTUFSQ 

137.37 
(3.28) 

153.U6 
(3.18) 

126. U7 
(ii.Ol) 

DISTMP 

962.92 
(2.U3) 

115U.61 
(2.09) 

1133.58 
(3.59) 

DTMPSQ 

-5U.0U 
(-2.6U) 

-63. OU 
(-2.16) 

-6U.52 
(-3.91) 

AREA  W 

-21U.08 
(-0.U1) 

1302.13 
(1.76) 

817.13 
(2.03) 

79 


Table  III  (continued) 


See 

ng 


1158.55 
0.952U 
86 


1U98.83 
0.9U98 

77 


1379. 8U 
0.9li7U 
163 


^See  Chapter  I,  The  Data,  for  definition  of  market. 

definitions  of  the  regressors  are  found  in  Table  I. 

^These  are  the  estimated  coefficients  for  the  selected  model. 
All  pooled  coefficients  are  significant  at  the  5  percent  level  by  con- 
ventional test. 

'^Computed  t  value.    See:    William  J.  Eraser,  Jr.,  The  Demand 
for  Money,  Nev;  York,  1967,  for  a  glossary  of  statistical  terms. 

^Standard  error  of  estimate  for  the  equation. 

^Coefficient  of  multiple  determination,  corrected  for  degrees 
of  freedom. 

^Number  of  obserTrations. 
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The  stability  of  the  coefficients  over  the  sample  space  was 
further  tested  with  respect  to  geographic  area.    The  estimated  area  and 
pooled  regression  coefficients,  with  relevant  statistics,  are  presented 
in  Table  IV.    As  was  the  case  when  the  sample  was  split  by  quarters, 
the  regressors  with  high  t  values  tend  to  be  more  stable,  as  is  expec- 
ted, than  those  with  low  t  value. 

Although  structural  conclusions  are  precarious  at  best,  an 
analysis  of  the  results  seems  to  suggest  that  we  are  dealing  with  two 
populations.    In  the  East,  there  are  not  enough  neighborhoods  rated  3 
and  h  to  derive  at  a  reliable  estimate  for  these  regressors.  Further, 
since  the  sample  space  is  split  with  respect  to  area,  it  is  reasonable 
to  expect  that  the  estimated  parameters  for  the  distance  variables i 
viz.,  DISTUF,  DISTUF^,  DISTMP  and  DISTMP^,  may  have  changed.    The  stabil- 
ity of  the  distance  variables  in  the  time-split  of  the  sample  space 
(Table  III)  vis-a-vis  their  instability  in  the  area-split  seems  to  lend 
credence  to  this  point. 

Finally,  the  low       of  0.6$  indicates  that  substantial  varia- 
tions in  sale  price  in  the  East  have  not  been  "accounted  for"  by  the 
regression  equation.    However  the  low  standard  error  of  estimate,  Se, 
is  expected  since  there  were  smaller  total  variations  in  actual  sales 
prices  in  the  East  vis-a-vis  the  West.    A  high  percentage  of  the  low- 
priced  houses  are  located  in  the  East  including  most  of  the  "FHA  235" 
low-income  housing.    With  due  respect  for  the  "distorting"  effects  of 
multicollinearity  on  the  estimated  parameters  -  the  evidence  seems  to 
imply  that  the  sample  space  encompasses  at  least  two  populations. 
Those  who  are  familiar  with  the  Gainesville  housing  market  would  prob- 
ably agree  with  this  contention. 
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Table  IV  -  Area  and  Pooled  Regression  Equation  Coefficients  for  Esti- 
mating the  Sale  Price  of  Single  Family  Residences  in  the 
Defined  Housing  Market^ 


Regressor 

East 

West 

roolecl 

QUNBLA 

6.U3 
(10.31) 

7.39 
(7.76) 

7.22 

(13.22) 

QUNAUX 

11.53 
(6.05)  . 

-1.78 

(-0.60) 

3.82 
(2.20) 

QULINX 

U0.99 
(1.85) 

93.87 
(3.57) 

79.63 
C6.2u; 

AGEIMP 

-lli8.il 
(-3.87) 

-192.88 
(-U.78) 

-I7I1.57 
(-7.25) 

LOTSIZ 

0.16 
(2.59) 

.  .  0.2U 
/     V  (2.36) 

0.17 
(3.21) 

SITE  2 

529.10; 
(2.01) 

561.39 
(1.08) 

7U5.87 
(2.93) 

NEIQL  2 

765.53 
(1.80) 

1791.90 
(2.19) 

1156.38 
(2.97) 

NEIQL  3 

(b) 

5076.19 
(U.77) 

I121U.57 
(.6. 60; 

NEIQL  h 

(b) 

8130.13 
(5.96) 

7U33.98 
(9.21) 

DISTUF 

-1023.35 
(-1.00) 

-2767.50 
(-2.71) 

-1666.36 
(-1;.69) 

107-68 
(1.20) 

2li3.05 
(2.19) 

126. U7 
(li.Ol) 

DISTMP 

1101.51; 
(2.29) 

.  1U99.35 
(2.06) 

1133.58 
(3.59) 

DTMP3Q 

-55.27 
-  (-2.58) 

-89.57 
(-2,06) 

-6U.52 
(-3.91) 

AREA  W 

it) 

.  ,  (c) 

817.13 
(2.03) 
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Table  IV  (continued) 


Se 
r2 


951.10 
0.6553 
9U 


1710.38 
0.939U 
69 


1379. 8U 
0.9U7U 
163 


^ee  Table  III  footnotes. 

^There  were  only  several  observations  rated  NEIQL  3  and  none 
rated  NEIQL  h  in  the  EAST.    Since  this  was  not  a  s\ifficient  number  of 
observations  to  provide  a  reliable  estimate  of  the  coefficient  for 
NEIQL  3,  the  several  properties  were  rated  NEIQL  2  and  no  estimates 
were  computed  for  the  two  regressors. 

°No  regression  coefficients  were  estimated  for  AREA  W  since 
area  was  the  basis  for  splitting  the  sample  space. 
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A  key  question  now  appears  to  be  whether  or  not  the  populations 
can  be  combined,  and  the  difference  accounted  for  by  a  dummy  variable. 
The  evidence  generated  by  these  models,  and  discussions  in  the  litera- 
ture on  dummy  variables,  suggest  that  this  may  be  a  justifiable  use  of 
the  dummy.    Wonnacott  and  Wonnacott  note  that  the  use  of  the  dummy 
presumes  that  the  slopes  of  the  regression  surfaces  are  equal,  i.e.,  the 

use  of  the  dummy  simply  results  in  a  vertical  shift  of  the  regression 
27 

surface.       Although  this  requires  an  additional  prior  restriction,  the 

use  of  the  dummy  may  be  justified  since  only  one  function,  rather  than 

several,  would  need  to  be  fitted  to  the  data,  thereby  reducing  the  number 

of  observations  required  for  a  given  degree  of  freedom. 

Table  IV  yields  an  interesting  statistic.    The  pooled  W  is 

higher  than  either  of  the  R^'s  for  the  batch  samples.    This  is  an 

important  statistic  since  it  is  a  measure  of  the  effectiveness  of  the 

pooled  model  in  accounting  for  total  variations  in  sale  price.    It  is 

also  significant  to  note  that  the  t  value  for  AREA  W  is  significant  at 

the  95  percent  level.    Appendix  G  also  reveals  that  if  the  AREA  W 

regressor  is  deleted  from  the  model,  there  would  be  some  reduction  in  the 

pooled  R^  and  an  increase  in  the  standard  error  of  the  estimate,  Se. 

—2 

The  objectives  of  the  study,  such  as  high  R  ,  low  3e  and  signif- 
icant t  values,  would  seem  to  warrant  the  inclusion  of  a  dummy  variable 
for  AREA  W  in  the  selected  model.    This  use  of  the  dummy  would  appear 
to  be  justified  when  the  cost  of  information  is  considered,  as  fewer 
observations  are  required  to  estimate  the  parameters  -  given  specified 
degrees  of  freedom.    In  sura,  the  pooled  sample,  using  a  dummy 

r  '  > 

2'^Ibid. 


to  partially  "account  for"  area  differences,  appears  to  yield  satisfac- 
tory results  in  this  particular  model,  and  has  certain  advantages  which 
seem  to  justify  its  use. 


Test  of  the  Assumptions  of  the  Model 

A  preliminary  verification  requires  that  the  assumptions  of 
the  model  be  tested.    An  examination  of  the  classical  regression  model 
indicates  that  the  three  assumptions  are  related  to  the  distribution  of 

the  residuals,  i.e.,  e^  =  Yj_  -  Yi,  where  Yi  is  an  observed  value  of  Y 

^  28 

and  Yi  is  the  estimated  value  of  Y  based  on  the  regressxon  equation. 

Thus  an  examination  of  residuals  provides  an  appropriate  test  of  the 
29 

assumptions. 

See  Appendix    F    for  plots  of  the  residuals,  e^,  against  com- 
puted sale  price  (i.e.,  the  regression  surface)  and  all  regressors  in 
the  selected  model.    In  view  of  the  significance  of  the  time  space,  the 
residuals  were  also  plotted  against  sale  dates  (using  recording  date  as 
a  surrogate)  of  the  respective  obseirvations .    In  addition,  see  Appendix 
E     for  a  plot  of  actual  versus  predicted  sale  prices.    The  plot  has 
been  ordered  according  to  actual  sale  to  facilitate  interpretation. 

The  assumptions  of  the  model  are  usually  not  confirmed  by  an 
analysis  of  the  residuals.    leather,  the  absence  of  an  abnormal  pattern 

28 

N.R.  Draper  and  H.  Smith,  Applied  Regression  Ansilysis,  New 
York,  1966.  V 

29lbid.      ^  .  ■ 
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would  not  warrant  a  denial  of  the  assumptions.       A  roughly  horizontal 

band  through  the  plots,  centered  on  zero,  tends  to  indicate  an  absence 

of  abnormality.    A  systematic  pattern  of  residuals  away  from  zero,  a 

curvilinear  tendency,  or  a  change  in  variability  over  the  range  of 

31 

observations  would  cast  doubt  on  the  validity  of  the  assumptions. 

An  examination  of  the  plots  in  Appendix  F  would  seem  to  imply 
that  there  is  correlation  among  the  residuals  -  which  would  be  a  viola- 
tion of  the  assumption  that  the  Yi  values  are  independent  -  since  "runs" 
of  residuals  may  be  found  above  and  below  the  regression  surface  over 
the  range  of  values.    This  pattern  of  the  residuals  is  presumably 
attributable  to  the  presence  of  dummy  variables  which,  in  this  model, 
causes  a  periodic  vertical  shift  of  the  regression  surface  as  "new" 
dummy  variables  influence  price,  e.g.,  moving  from  NEIQL  2  to  NEIQL  3. 
Thus  the  residuals  are  expected  to  "drift"  through  the  regression 
surface  between  changes  in  dummy  variables;  otherwise  the  E  (ei)  =  0 
assumption  would  be  violated,  i.e.,  presumably  such  a  pattern  is  inher- 
ent when  dummies  are  used.    The  independent       assumption  does  not 
appear  to  be  suspect.  . 

An  overall  examination  of  the  residuals,  including  those  ob- 
tained from  testing  the  model  against  "new"  observations  (Table  II), 
does  not  seem  to  warrant  a  denial  of  the  assumptions  of  the  model.  The 
absence  of  any  systematic  trends  in  the  residuals  generally  implies  that 
the  regression  equation  provides  an  acceptable  fit  of  the  data,  i.e., 

there  is  little  evidence  that  significant  variables  have  been  omitted 
32 

from  the  model.  .    ■  , 


3Qlbid. 
^^Ibid. 
32 Ibid. 


Maintenance  of  the  Model 
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The  urban  residential  housing  market  is  dynamic,  while  the 
"selected"  model  is  static.    Thus  the  model  is  not  expected  to  yield 
reliable  estimates  over  time  unless  some  procedure  is  established  for 
maintaining  the  model.    Two  broad  approaches  to  the  problem  appear  fea- 
sible. '  •  ' 

First,  a  control  procedure  could  be  established  to  detect 
systematic  changes  in  the  effectiveness  of  the  model.    The  key  barometer 
of  effectiveness  is  expected  to  be  changes  in  the  pattern  of  deviations 

A 

between  actual  and  predicted  values,  i.e.,        -  Y^.    A  monitoring  of 

this  residual  and  various  plot  patterns  -  such  as  plot  of  residuals 

against  the       regressors,  time,  and  other  variables  which  appear  to  be 

relevant  -  would  indicate  whether  or  not  the  model  continues  to  "fit" 
33 

the  data.  »Jhen  warranted,  the  model  could  be  modified  by  "re-fitting' 
the  equations  to  appropriate  data. 

A  second  procedure  would  be  to  develop  a  dynamic  model  by  in- 
corporating time-series  variables  into  the  estimating  equation  to 
account  for  systematic  changes  in  the  level  and  structure  of  sale 

prices,  such  as  those  attributable  to  seasonality,  trends,  cyclical 

3li 

patterns  and  long-run  changes  in  the  market  structure.       Although  a 
dynamic  model  would  also  need  to  be  controlled  to  assure  reliable  re- 
sults, the  implications  of  such  a  model  are  far  reaching  -  assuming  of 
course  that  one  can  be  feasibly  developed. 


1970. 


^^Ibid. 

David  S.  iluang.  Regression  and  Econometric  Methods,  New  York, 


In  sum,  a  procedure  must  be  established  to  control  and  main- 
tain the  effectiveness  of  the  predictive  model.    Operational  experience 
and  research  may  provide  acceptable  solutions  to  the  problem. 


CHAPTER  VI 


SUMI-IARY  AND  CONCLUSIONS 

Summary  of  the  Research 

Replication  of  results  and  objectivity  are  hallmarks  of 

scientific  methodology."^    One  leading  real  estate  academician  has 

emphatically  stated,  and  others  apparently  agree,  that  appraising  is 

2 

an  art,  not  a  science.      Although  the  term  scientific  may  unfortunately 
be  misunderstood  to  connote  the  methods  and  precision  of  the  physical 
sciences,  a  thesis  of  this  inquiry  is  that  the  scientific  approach  can, 
and  should,  characterize  the  appraisal  process  and  methodology. 

A  scientific  approach  to  real  estate  appraising  need  not  con- 
jure images  of  unrealistic  and  dogmatic  applications  of  mathematical 
and  statistical  techniques.    The  position  taken  in  this  investigation 

is  that  science  may  be  defined  as  a  systematic  method  of  analysis  that 

3 

facilitates  the  accumulation  of  reliable  knowledge. 


For  example,  see  George  C.  Romans,  The  Nature  of  Social  Science, 
New  York,  196?;  F.S.C.  Northrop,  The  Logic  of  the  Sciences  and  the 
Humanities,  Jew  York,  196? j  and  Murray  Sidman,  Tactics  of  Scientific 
Research,  New  York,  I960. 

2  - 
Paul  F.  Wendt,  Real  Estate  Appraisal;    A  Critical  Analysis  of 
Theory  and  Practice,  New  York,  1956. 

3 

Carlos  L.  Lastrucci,  The  Scientific  Approach:     Basic  Prin- 
ciples of  the  Scientific  Method,  Cambridge,  Mass.,  1967. 
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The  feasibility  of  applying  scientific  methodology  to  apprais- 

h 

ing  has  been  suggested  by  a  number  of  writers  and  empirical  studies. 
The  need  for  such  an  approach  is  manifested  by  the  inconsistent  replica- 
tion of  solutions  to  appraisal  problems,  and  the  paucity  of  accumulated 
reliable  knowledge  regarding  the  factors  influencing  real  estate  values 
and  the  nature  of  the  relationships.^    The  efficacy  of  conventional 
appraisal  practice  has  been  seriously  questioned  on  theoretical  grounds 
by  a  number  of  leading  real  estate  academicians.^    A  major  contention 
of  this  study  is  that  the  manifested  weaknesses  of  conventional 
appraisal  practice,  namely,  inconsistent  replication  of  results  and  the 
lack  of  reliable  knowledge  regarding  value  relationships,  is  mainly 
attributable  to  the  form  of  logical  argxtment. 

A  carefiil  examination  of  appraisal  literature  and  practice 
reveals  that  the  predominant,  if  not  exclusive,  type  of  logical  argument 

used  to  establish  the  reliability  of  the  value  inference  is  the  com- 
7 

pound  analogy.      This  procedure  is  generally  acknowledged  to  be  a 


^ee:    Edv/ard  F.  Renshaw,  "Scientific  Appraisal,"  National 
Tax  Journal,  XI,  No.  h,  1958 j  Irving  F.  Davis,  Jr.,  "A  Scientific 
Approach  to  Real  Estate  Appraisal,"  Journal  of  the  American  Society  of 
Farm  Managers  and  Rural  Appraisers,  XXVIII,  February,  196ii,  and  William 
C.  Pendleton,  Jr.,  "Statistical  Inference  in  Appraisal  and  Assessment," 
The  Appraisal  Journal,  XXXIII,  January,  1965. 

Richard  U.  Ratcliff,  "Real  Estate  Valuation  and  Highway  Con- 
demnation Awards,"  V/isconsin  Commerce  Reports,  University  of  Wisconsin 
at  Madison,  1966,  Vol.  VII,  No.  6. 

^See:    Richard  U.  Ratcliff,  "A  Restatement  of  Appraisal 
Theory,"  Wisconsin  Commerce  Reports,  University  of  V/isconsing  at  Madison, 
1963,  Vol.  VII,  No.  1;  and  Paul  F.  Wendt,  Real  Estate  Appraisal;  A 
Critical  Analysis  of  Theory  and  Practice,  New  York,  1956. 


'American  Institute  of  Real  Estate  Appraisers,  The  Appraisal 
of  Real  Estate,  Chicago,  196?. 
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precarious  form  of  logical  argument  in  empirical  inquiry.  The 
strength  of  the  argument,  and  the  reliability  of  the  inference,  are 
functions of  the  number  of  basic  analogues,  the  nature  and  extent  of  the 
characteristics  shared  by  the  basic  and  derivative  analogues,  and  the 
degree  of  disparity  between  the  analogues.      The  small  number  of  basic 
analogues  conventionally  used  in  appraisal  problems  and  the  great  heter- 
ogeneity of  the  real  estate  product  suggest  why  the  compound  analogy 
frequently  yields  unreliable  value  inferences. 

This  study  is  based  on  the  inductive  argument,  which  differs 
basically  from  the  compound  analogy  in  that  the  former  leads  to  a  gener- 
alization about  a  defined  universe,  while  the  latter  infers  a  singular 
conclusion.''"^    This  shift  in  emphasis  from  singular  to  general  conclu- 
sions is  an  important  one  in  scientific  inquiry  since  it  permits  the 
accumulation  of  reliable  knowledge  about  phenomena.    This  does  not 
appear  to  be  widely  appreciated  by  the  appraisal  fraternity:  reliable 
knowledge  about  the  factors  and  relationships  affecting  value  and 
price  determination  should  enable  appraisers  to  infer  conclusions  which 
can  be  consistently  replicated. 

The  fiindamental  appraisal  problem  dealt  with  in  this  study  is 
how  to  explain  the  level  and  structure  of  prices  in  a  defined  urban 
residential  market.    To  guide  the  inquiry,  a  theory  of  urban  residen- 
tial price  determination  was  postulated,  namely: 


See:    Maylon  H.  Hepp,  Thinking  Things  Through;    An  Introduc- 
tion to  Logic,  New  York,  1956;  and  Irving  M.  Copi,  Introduction  to 
Logic,  2d     ed..  New  York,  1961. 

^Ibid. 

lOibid.     '  : 
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exchange  ratios  (price  and  market  value)  are 
deterniined  by  a  bargaining  process  between  a 
finite  number  of  buyers  and  sellers  of  a 
heterogeneous  product  in  a  dynamic  environment, 
with  the  price  of  a  particular  property  being 
a  function  of:    product  specification;  subjective 
valuations;  past,  present  and  expected  future  ex- 
change ratios  of  the  subject  and  substitute  prop- 
erties; past,  present  and  expected  future  levels 
and  elasticities  of  supply  and  demand;  dynamic 
environmental  factors;  ini'ormation  system;  and 
interaction  of  buyers  and  sellers. 

The  basic  purpose  of  the  inquiry  v/as  not  to  tentatively  con- 


firm the  theory  of  market  behavior,  but  rather  to  investigate  the 
plausibility  and  feasibility  of  a  model  to  predict  and  forecast  urban 
residential  sale  prices  with  an  acceptable  degree  of  reliability  and 
effectiveness.    Since  the  appraiser  does  not  determine  value  but  merely 
seeks  to  measure  it,  the  appraisal  process  should  be  a  model  of  the 
market  mechanism  to  the  extent  feasible.    This  is  the  simulation 
approach  recommended  by  Professor  Ratcliff ."^    Or  the  appraisal  model 
can  seek  to  identify  the  relevant  variables  influencing  price  deter- 
mination and  measure  their  effect,  which  is  the  approach  in  this  study. 


It  was  noted  that  the  \irban  residential  housing  market  appears 


to  be  characterized  by  a  bilateral  oligopoly  structure.    Since  the 
development  of  a  simulation  model  of  market  behavior  seems  to  be  an 
enormous,  if  not  impossible,  task,  the  approach  taken  was  to:  limit 
the  scope  of  the  study  to  a  major  segement  of  the  housing  market  (i.e., 
extremely  heterogeneous  properties  below  and  above  the  $15,000  to 
$U5*000  range  were  excluded);  assume  that  the  level  and  elasticities 


^Hi  chard  U.  Ratcliff,  "Real  Estate  Valuation  and  Highvjay  Con- 
demnation Awards,"  Wisconsin  Commerce  Reports,  University  of  V/isconsin 
at  Madison,  1966,  Vol.  VII,  No.  6. 
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of  supply  and  demand  are  relatively  stable  in  the  short-run  (say  three 
months)  i  relate  the  structure  of  prices  to  a  product  specification 
system,  and  assume  that  the  indeterminancy  of  price  due  to  the  bargain- 
ing process,  behavioral  differences,  imperfections  of  the  information 
system,  etc.,  could  be  incorporated  into  the  model  as  a  normally  dis- 
tributed random  variable. 

A  major  hypothesis  tested  was  that: 

Y  =  f  (Xi  +  e   /  S,  D,  Ki) 

where: 

Y    =    expected  or  probable  urban  residential  sale 
price  in  the  specified  market  in  the  time 
period  under  consideration 
Xi    =    dimensions  of  the  product  (specification), 

namely,  improvements,  site,  neighborhood  and 
location,  which  are  expected  to  significantly 
influence  the  expected  utility  to  be  derived 
from  the  consumption  of  urban  housing 
e    =    error  term,  which  was  assumed  to  be  normally 
distributed  with  a  zero  mean  and  standard 
deviation 

IS,  D,  Ki    =    given  supply  and  demand  conditions  and  other 
market  factors,  i.e.,  these  were  assumed  to 
be  relatively  stable  during  the  period  under 
investigation. 

The  preceding  hypothesis,  which  appears  to  be  consistent  with 
the  postulated  theory,  was  tested  by  deducing  from  it  a  large  number  of 
statistical  hypotheses  which  could  be  empirically  tested.    The  data  for 
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the  test  was  based  on  a  sample  of  l63  observations  from  the  Gainesville, 
Florida,  housing  market  during  the  period  October  1,  1970,  to  March  31, 
1971.    All  transactions  during  the  period  were  included  in  the  sample 
if  they  were  in  the  defined  universe.    The  sample  comprised  about  70 
percent  of  all  transactions  in  the  October    through  March  period,  and 
would  appear  to  provide  a  substantive  test  of  the  main  hypothesis. 

Surrogate  variables  for  improvement,  site,  neighborhood  and 
location  were  postulated  as  statistical  hypotheses,  and  tested  in  a 
classical  linear  regression  model,  using  least  squares  estimating 
techniques,  as  follows: 

Y  =  ao  +  a^X^  +  +  • .  •  +  an^n  +  e 

where : 

Y  and  e    =    defined  in  the  postiilated  main 
hypothesis 

ai    =    estimated  regression  coefficients  or 
parameter  estimators 
=    regressors  or  predictor  variables, 
including  those  based  on  transformed 
'  non-linear  functions. 

The  choice  of  the  final  model  was  guided  by  specified  selection 
criteria  and  the  use  of  a  combination  of  selection  procedures  in  order 
to  minimize  model  specification  errors  due  to  the  multicollinearity  in  the 
data  problem.    Most  of  the  variables,  excluding  the  dummies,  were 
tested  as  linear  and  non-linear  functions.     The  selection  of  the  type 
of  function  to  be  included  in  the  final  model  was  based  on  consistency 
with  economic  propositions,  empirical  "fit",  and  simplicity.    All  the 
variables  in  the  non-linear  functions  were  transformed  before  the 
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parameters  were  estimated  so  that  a  first-order  linear  regression 
equation  could  be  used. 

The  variables  in  the  selected  model  were     number  of  square 
feet  (S.F.)  in  the  basic  living  area,  S.F.  in  the  auxiliary  components 
of  the  improvement,  quality  of  construction  index,  chronological  age 
of  improvement,  S.F.  in  the  lot,  extent  of  site  facilities  (dummy), 
neighborhood  rating  (dummies),  distance  from  the  University  (quadratic 
function) ,  distance  from  the  adverse  influence  of  heavy  manufacturing 
(quadratic),  and  a  dummy  "area  of  the  city"  variable.    All  relations 
were  statistically  significant  at  the  95  percent  confidence  level  based 
on  t  tests  of  the  null  hypotheses.    The  adjusted  coefficient  of  deter- 
mination  was  (R  =)  0.9$,  and  the  standard  error  of  the  estimate  for  the 
equation  was  (Se=)  $1380. 

The  results  of  the  empirical  model  must  be  cautiously  inter- 
preted because  of  the  collinear  nature  of  the  data  in  the  urban  resi- 
dential market.    Most  writers  agree  that,  given  the  multicollinearity 
problem,  the  estimated  values  of  the  parameters  and  the  particular 

12 

choice  of  variables  included  in  the  equation  are  precarious  at  best. 
Thus  the  model  provides  little,  if  any,  reliable  knowledge  regarding 
the  "true"  nature  of  the  relationships  affecting  price  determination 
and  the  structure  of  the  market. 

On  the  other  hand,  most  writers  also  agree  that  the  ability 
of  the  model  to  reliably  predict  variations  in  the  response  variable 


See:    David  S.  Huang,  Regression  and  Econometric  Methods, 
New  York,  1970 j  and  Ronald  J.  V/onnacott  and  Thomas  H. .  Uonnacott, 
Econometrics,  New  York,  1970. 
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may  not  be  adversely  affected  by  the  multicollinearlty  problem  if  no 

13 

attempt  is  made  to  use  the  data  out  of  its  collinear  context.  The 
statistical  significance  of  the  variables,  high  adjusted  coefficient 
of  determination,  and  low  standard  error  of  the  estimate  for  the 
equation  are  encouraging  in  this  respect. 

The  ultimate  verification  of  the  model  must  be  based  on  long- 
term  operational  results.    However  a  number  of  tests  did  provide  a 
preliminary  verification  of  the  model.    The  equation  predicted  accept- 
able results  for  23  extra-sample  observations,  which  were  not  used  in 

the  estimation  of  the  parameters  of  the  model.    This  is  usually  consid- 

lii 

ered  to  be  a  critical  test  of  the  model. 

A  second  series  of  tests  were  "run"  to  determine  the  stability 
of  the  estimated  regression  coefficients  over  the  sample  space,  namely, 
time  and  geographic  area.    While  some  of  the  estimated  parameters  were 
relatively  stable,  others  were  unstable.    However  the  "vital"  statis- 
tics for  predictive  purposes,  namely,  the  standard  error  of  the 
estimate  and  the  adjusted  coefficient  of  determination,  continued  to 
yield  acceptable  i-esults  over  the  sample  space.    This  seemingly  contra- 
dictory model  performance  is  believed  to  be  attributable  to  the  multi- 
collinearity  problem,  with  the  changing  values  of  the  unstable  parame- 
ters "netting  out"  for  prediction  purposes. 

Another  verification  of  the  model  involved  a  test  of  the  assump- 
tions, namely,  that  e^  (=  Yi  -  Yi)  is  a  statistically  independent  normally 
distributed  random  variable,  the  expected  mean  of  the  residuals  (e^)  is 


•'•^Ibid. 

-•■^arl  F.  Christ,  Econometric  Models  and  Methods,  New  York, 

1966. 
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zero  and  the  residuals  have  a  standard  deviation.       An  examination  of 
the  residuals'''^  plotted  against  actual  sale  price,  the  regressors, 
and  a  time  variable  reveals  no  abnormalities,  except  a  drift  of  the 
actual  sale  prices  through  the  regression  surface  at  periodic  intervals, 
which  is  presumably  attributable  to  the  use  of  dummy  variables  since 
these  cause  vertical  shifts  of  the  surface  as  higher-valued  dummies  in- 
fluence the  equation. 

In  sum,  an  examination  of  the  residuals  does  not  seem  to 
reveal  any  unexplained  abnormalities  which  wo\xLd  warrant  a  denial  of 
the  assumptions  of  the  model.    The  absence  of  any  systematic  trends  in 
the  residuals  also  suggests  that  the  regression  equation  "fits",  the 
data  reasonably  well,  i.e.,  there  is  little  evidence  that  significant 
variables  have  been  omitted  from  the  model. 


Generalizations  Based  on  the  Investigation 

The  results  of  the  study  seem  to  warrant  the  following  broad 
generalizations.  ■ 

1.    The  basic  appraisal  problem  in  the  urban  residential 
market  is  how  to  explain  the  level  and  structure  of 
prices  in  a  market  which  appears  to  be  characterized 
by  a  bilateral  oligopoly  structure. 


■'"^David  S.  Huang,  Regression  and  Econometric  Methods,  New  York, 

1970. 

"'"^N.R.  Draper  and  H.  Smith,  Applied  Regression  Analysis,  New 
York,  1966. 
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The  efficacy  of  current  appraisal  practice  has  been 
questioned  on  methodological  grounds,  namely,  the  com- 
pound analogy  type  of  logical  argument  has  a  number  of 
fundamental  weaknesses  which  limit  the  reliability  of 
the  value  inference. 

A  scientific  approach  to  appraising  and  the  use  of  an 
inductive  argument  may  permit  the  accumulation  of  reli- 
able knowledge  about  price-value  relationships  in  the 
residential  market. 

The  specification  of  the  model  appears  to  be  consistent 
with  the  postulated  theory  of  market  behavior,  and  the 
results  seem  to  tentatively  affirm  (i.e.,  the  results 
do  not  appear  to  warrant  a  denial)  the  hypothesis  that 
expected  sale  price  is  a  function  of  improvements, 
site,  neighborhood  and  location,  given  that  supply  and 
demand  conditions  and  other  market  factors  remain 
relatively  constant. 

The  inquiry  provides  little  reliable  knowledge  about 
the  "true"  parameters  of  the  specified  relations  due  to 
the  collinearity  in  the  data  problem^  but  the  high 
coefficient  of  determination  and  low  standard  error  of 
the  estimate  for  the  equation  tentatively  suggest  that 
a  predictive  regression  model  of  price  determination  is 
plausible  and  presumably  feasible. 

The  methodology,  research  procedure,  postulated  theory 
of  market  behavior,  and  the  main  hypothesis  are  expected 
to  be  generally  applicable  to  other  residential  markets. 
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However,  the  model  is  localized  due  to  the  nature  of  the 
real  estate  market;  hence  a  "new"  model  or  models  will 
have  to  be  developed  for  each  specified  urban  residen- 
tial market. 

7.    The  model  is  static,  and  thus  a  procedure  must  be 

established  to  control  and  maintain  an  acceptable  per- 
formance standard.    This  will  require  that  the  model  be 
periodically  re-specified  and  "new"  parameters  estimat- 
ed, or  the  eventual  development  of  a  dynamic  model 
(which  of  course  would  also  need  to  be  controlled) . 


Synopsis  of  Research  Suggested  by  the  Study 

The  following  areas  of  research  appear  to  be  suggested  by  the 
investigation. 

1.  To  further  verify  the  methodology,  predictive  models 
similar  to  the  one  in  this  study  need  to  be  developed 
for  other  cities.    This  should  include  testing  alter- 
native hypotheses,  functional  relations,  and  an  exten- 
sion of  the  model  to  the  entire  urban  residential 
market.    Importantly,  these  models  need  to  be  opera- 
tionally tested,  and  the  findings  shared  with  the 
appraisal  community  in  order  to  facilitate  the  accinnu- 
lation  of  reliable  knowledge. 

2.  The  various  indices,  such  as  neighborhood  and  quality 
of  construction,  need  to  be  intensively  and  extensively 
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examined.    Preliminary  research  results,  which  were  not 
reported  in  the  study,  suggest  that  alternative  rating 
systems  may  increase  the  reliability  of  the  indices  and 
reduce  the  cost  of  information. 

Models  using  other  research  techniques  need  to  be  in- 
vestigated, such  as  multivariate  regression  and  systems 
of  simultaneous  equations.    The  purpose  of  such  studies 
would  be  mainly  to  improve  the  specification  of  the 
model  and  increase  knowledge  about  the  structure  of 
the  market  by  seeking  to  cope  with  the  multicollinearity 
problem.    This  would  complement  the  research  with  uni- 
variate regression  models,  such  as  the  one  investigated 
in  this  study,    _  ;  ' 

The  plausibility  and  feasibility  of  a  dynamic  model  need 
to  be  investigated.    This  requires  research  with  relevant 
time  series  data  and  the  eventual  development  of  a 
predictive  model  which  incorporates  both  cross-sectional 
and  time  series  variables.    This  may  be  a  formidable 
task,  but  the  far-reaching  implications  of  such  a  model 
definitely  seem  to  warrsint  research  in  this  area. 
Little  reliable  knowledge  is  known  about  the  behavioral 
aspects  of  urban  residential  price  determination,  such 
as  the  determinants  of  subjective  valuations,  the  nature 
of  the  bargaining  process,  the  role  and  impact  of  the 
information  system  (broadly  defined  to  include  appraisers, 
brokers,  lenders,  etc.) .    Research  in  these  areas  seems 
warranted. 
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6.    All  of  the  preceding  generalizations  regarding 

research  apply  equally  to  the  development  of  complemen- 
tary predictive  models  for  other  classes  of  real  prop- 
erty, such  as  a  "land"  model  and  an  "income"  property 
appraisal  model.  -  , 

The  development  of  reliable  predictive  models  would  have  impor- 
tant implications  for  institutional  appraisers,  e.g.,  tax  assessors  and 
lenders,  fee  appraisers,  and  urban  planners.    And  importantly  from  a 
societal  view,  the  efficient  allocation  and  utilization  of  scarce  re- 
sources are  predicated  on  the  notion  that  alternatives  are  available 
and  can  be  rationally  evaluated,  which  presupposes  that  the  economic 
goods  in  question  can  be  reliably  valued  or  priced.    The  enormous  stock 
of  wealth  in  the  form  of  real  property  certainly  seems  to  warrant 
intensive  and  extensive  research  in  real  estate  appraisal  methodology. 
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APPENDIX  A 

Acronym,  Functional  Form,  Source  and  Description 
of  Variables  That  Appear  in  the  Appendices 


Acronym    Functional  Form  Source 


SALEPR 

Dependent  variable 

Ovraer 

EXTWAL 

Linear 

Assessor' s 

records 

CABMIL 

Linear           :  - 

Assessor' s 

records 

FLOFIN 

Linear 

Assessor' s 

records 

INTFIN 

Linear 

Assessor' s 

records 

HTGAIR 

Linear        -  «- 

Assessor' s 

records 

PLUMBG 

Linear               '  ■ 

Assessor' s 

records 

QULINX 

Linear 

Assessor' s 

records 

SHAPEF  Linear  .  . Assessor's  records 

SIZEFA  Linear  Assessor's  records 


QUNBLA  Linear 

QUNAUX  ^  ,  Linear 

QUNIMP  Linear 

EXTRAF  Linear 


Assessor' s  records 
Assessor's  records 

Assessor' s  records 
Assessor's  records 


AGEIMP 


Linear 


Assessor's  records 
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Appendix  A  (extended) 


Description 


Actual  sale  price 

Rating^:    Exterior  wall  ' '       '  ;T 

Rating^:     Cabinet  &  millwork 

Rating^:    Floor  finish 

Rating^:    Interior  finish 

Rating^:    Heating  /  air  conditioning 

Rating^:    Plumbing  fixtures 

Rating^  for  overall  quality  of  construction;  summation  of  ratings  for 
components  of  improvements,  e.g.,  exterior  walls;  thirteen  compo- 
nents comprise  total  rating  system. 

Rating^  for  number  of  corners  in  building. 

Rating^  for  size  of  basic  living  area,  scale  based  on  the  notion  of 
diminishing  marginal  costs,  i.e.,  the  larger  the  basic  living  area, 
the  lower  the  cost  of  construction  per  square  foot,  cet.  par. 

Quantity  of  square  feet  in  the  basic  living  area,  i.e.,  excluding 
garage,  patio,  etc. 

Adjusted  quantity  of  square  feet  in  the  auxiliary  areas  of  the  improve- 
ments, e.g.,  garage,  patio,  etc.;  the  total  square  feet  in  each 
component  was  adjusted  by  a  rating  system^  based  on  differences  in 
cost  of  construction  per  square  foot  of  the  respective  components. 


QUITBLA  +  QUNAUX 


Total  dollar  value  of  extra  features,  e.g.,  fireplace,  intercom, 
fences,  etc.;  the  amount  assigned  to  each  extra  feature  is  based 
on  a  fixed  valuation  for  that  item^,  i.e.,  each  item  is  treated 
as  a  dummy  variable  with  a  fixed  coefficient  value. 

The  chronological  age  of  the  improvement. 


^he  tax  assessor's  ratings  are  based  on  the  contracted 
"Howze-A-Matic  System",  developed  by  Howze  and  Associates,  Inc., 
3013  Horatio  Street,  Tampa,  Florida. 
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Appendix  A  (continued) 


Acronym 


Functional  Form 


Source 


LOTSIZ 
EXQLK 


Linear 
Exponential-^  Linear 


Tax  I«Iaps 
Transformation 


EXQBLA 
EXQAUX 
EXPAGE 
EXPLOT 
DISTI'B 


Exponential-^-  Linear 
Exponential-^  Linear 
Exponential->  Linear 
Exponential->  Linear 
Linear 


Transformation 
Transformation 
Transformation 
Transformation 
City  map  and  zoning  map 


DISTMP 
DISTUF 


Linear 
Linear 


City  map  and  zoning  map 
Tax  map  and  index  map 


DISTGB  Linear 

DTMSSQ  2nd.  order 1st.  order 

DTMPSQ  2nd.  order 1st.  order 

DTUFSQ  2nd.  order 1st.  order 

DTCBSQ  2nd.  order 1st.  order 

DTMPCU  3rd.  order  ^Ist.  order 

DTUFCU  3rd.  order— ^st.  order 

EXDTMP  Exponential  ^  Linear 

EXDTUF  Exponential  Linear 

DISTMP  +  Quadratic  function  using 

DTMPSQ  first  order  regressors 


Tax  map  sind  index  map 
Transformation 

Transformation 

Transformation 

Transformation 

Transformation 

Transformation 

Trans  formation 

Transformation 

Maps  (DISTMP) 
Transformation  (DTMPSQ) 


Appendix  A  (extended) 
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Description 


The  quantity  (size)  of  the  lot  in  total  number  of  square  feet. 

QULINX  as  an  exponential  function;  the  original  Xi  values  were  trans- 
formed to  permit  the  use  of  a  linear  function  in  the  estimating 
equation. 

QUNBLA :    exponential  — >  linear 

QUNAUX:    exponential — >  linear 

AGEIlff:    exponential — >  linear 

LOTSIZ:    exponential — ^  linear 

Distance  from  center  of  tax  map  (k  section)  in  which  observation  is 
situated  to  nearest  area  zoned  "MS",  i.e.,  light  manufacturing,, 
measured  linearly  between  the  points. 

Distance  to  "MP"  zoning,  heavy  manufacturing,  measured  as  above. 

Distance  from  tax  map  in  which  observation  is  situated  to  the  University 
of  Florida  main  campus,  measured  at  right  angles.    The  distance 
value  was  based  on  the  number  of  h  mile  units  (tax  maps)  between 
the  two  points,  derived  from  an  index  (tax)  map  of  the  city. 

Distance  to  CBD,  central  business  district,  measvired  as  above. 

(DISTMS)2j  ^Yie  x±  values  were  transformed  to  permit  the  use  of  a 
first-order  linear  function  in  the  estimating  equation. 


(DISTMP)' 


(DISTUF)2 
(DISTCB)^ 
(DISTI^P)3 
(DISTUF)^ 


transformed,  as  above. 


transformed,  as  above. 

transformed,  as  above. 

transformed,  as  above,  , 

transformed,  as  above. 

DISTMP  as  an  exponential  function;  transformed,  as  above. 

DISTUF  as  an  exponential  function;  transformed,  as  above. 

Quadratic  function  for  DISTMP;  the  function  enters  the  equation  as 
first-order  regressors  by  transformation,  as  above. 
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Appendix  A  (continued) 


Acronym 


Functional  Form 


Source 


DISTUF  + 
DTUFSQ 

DISTMP  + 
DTMPSQ  + 
DTMPCU 

DISTUF  + 
DTUFSQ  + 
DTUFCU 

NEIQL  2 

NEIQL  3 

NEIQL  U 
(due  to  limita- 
tions on  the 
scope  of  the 
study,  no 
observations 
were  rated 
NEIQL  0;  and 
NEIQL  1  was 
dropped  from 
the  estimating 
equation  to 
avoid  linear 
dependency . ) 


Quadratic  function  using    Maps  (DISTMP) 
first-order  regressors       Transformation  (DTI-IPSQ) 


Cubic  function  using 
first-order  regressors 


Cubic  function  using 
first-order  regressors 


Dummies: 

same  functional  form 
as  the  constant  term, 
i.e.,  changes  inter- 
cept value. 


Maps  (DISTMP) 
Transformation  (DTMPSQ) 
Transformation 

Maps  (DISTMP) 
Transformation  (DTMPSQ) 
Transformation 

The  neighborhoods  were 
rated  by  observation,  pub- 
lished sources  (e.g., 
neighborhood  analysis, 
planning  unit  study, 
zoning  maps,  deed  restric- 
tions, etc.)  and  by  dis- 
cussions with  persons 
who  are  active  in  the 
local  real  estate  market. 
The  task  of  rating  each 
property  is  not  as  time 
consuming  as  might  be  ex- 
pected since  most  obser- 
vations in  the  same  neigh- 
borhood have  the  same 
rating.    A  few  properties 
on  the  fringe  of  a  neigh- 
borhood of  course  may  have 
a  higher  or  lower  rating, 
depending  on  the  influence 
of  adjacent  areas. 


Appendix  A  (extended) 
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 Description  

Quadratic  function  for  DISTUFj  transformed,  as  above. 

Cubic  function  for  DISTMPj  transformed,  as  above. 


Cubic  function  for  DISTUFj  transformed,  as  above. 


A  modal  rating  was  assigned  to  each  observation  based  on  the  following 
neighborhood  characteristics. 

Excell .  Good  Ave.  Fair  Poor 
Quality  of  neighborhood  (rating)  (U)    (3)     (2)    (1)  (0) 

Prestige  &  reputation           

General  confidence  in  future  - 
devel.  &  character 


Protection  against  inharmonious  uses 
via  zoning  £c  deed  restrictions, 
adequacy  of  buffer  zones 

Safety  from  danger  of  creeping  blight, 
encroachment  of  incompatible  land 
uses,  and  changes  in  the  demograph- 
ic structure 


Homogeneity  re:    price  range,  type  & 
quality  of  construction,  styling, 
age  of  structures,  occupation, 
income  and  demographic  structure 

Neighborhood  trends  re:    average  prop- 
erty values,  land  use,  occupancy, 
types  of  housing  units,  pop.  density, 
vacancies,  demographic  structure, 
income  &  occupation  of  residents, 
occupancy 


Physical  St  social  attractiveness,  free- 
dom from  adverse  physical  &  social 
ini'luences,  level  of  property  main- 
tenance, owner  occupancy  appeal 
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Appendix  A  (continued) 


Acronym 


Functional  Form 


Source 


SITE  2    (for  reasons 
above,  no  observations 
were  rated  SITE  0,  and 
SITE  1  was  dropped  to 
avoid  linear  dependency) 


Dummy 


Observation  and 
published  sources, 
as  above 


TOPO  2 
TOPO  3 

(TOPO  0,  1,  h  were 
statistically  insig- 
nificant, and  were  not 
included  in  the  run  of 
key  equations  since 
the  program  could  not 
handle  over  $0 
variables  ) 

AREA  W    (AREA  E 
dropped  to  avoid 
linear  dependency) 

NEW  01    iim}  00 
dropped,  as  above) 

F235-0 

(F235-1,  as  above) 
SOIL  0 

(SOIL  1,  as  above) 


DATE 


Dummies 


Dummy 

Dummy 
Dummy 
Dummy 

Linear 


Observation  and 
published  sources 
(e.g.,  physiographic 
survey) ,  as  above 


City  map 


Owner  (also  assessor's 
records) 

Owner  (also  recorded 
mortgage) 

Soil  suitability  map 
based  on  physiographic 
survey 

Recording  date  stamped 
on  deed  of  record 
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Appendix  A  (extended) 


Description 


Special  amenities,  e.g.,  nearness  to 
schools,  shopping  &  recreational 
facilities 


General  marketability  of  neighborhood, 
owner  appeal,  freedom  from  nui- 
sances, etc.       

Quality  of  neighborhood  index  (modal  rating) 

Site  facilities  and  utility  connections: 
(most  =  2,  adeq.  =  1,  few  =  O) 

re:  street  paving,  sidewalk,  curb,  storm  drains, 
city  water,  city  gas,  city  sanitary  sewer,  street 
lights,  telephone,  cable  T\l ,  fire  hydrant  nearby. 

Topographical  features:    (excellent  =  i;,  good  =  3, 
average  =2,  fair  =1,  poor  =0) 
re:    subject  to  flooding,  drainage,  soil  per- 
culation,  landscaping,  lot  shape,  grade,  contour, 
general  attractiveness,  special  amenities  (e.g., 
view  of  features  of  natural  beauty) ,  freedom  from 
nuisances  (e.g.,  heavy  traffic,  intersection, 
limited  access,  etc.)  and  nature  of  immediate 
surroundings  (lots  and  houses). 

The  city  was  delineated  by  Main  Street  into  AREA  E  and  AREA  W. 


The  property  was  rated  WvJ  01,  if  constructed  since  January,  1970. 
(new  00,  conversely) 

If  the  purchase  v;as  not  financed  under  the  FHA  235  program,  the  prop- 
erty was  designated  F235-0.  (F235-1,  conversely) 

The  SOIL-0  rating  was  assigned  if  the  observation  property  was  not 

subject  to  flooding  by  standing  water  during  summer  months  following 
intensive  storms.  (SOIL-1,  conversely) 

A  scale  from  1  to  180  was  established  and  matched  with  a  corresponding 
recording  date.  The  observation  was  then  assigned  a  value  from  the 
scale 
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Appendix  A  (continued) 


Acronym   Functional  Form   Source  

Linear  Assessor' s  Records 

Qf2  Linear  Assessor's  Records 

6Y23  Linear  Assessor's  Records 

8723I;  Linear  Assessor's  Records 

8723li5         '  Linear  Assessor's  Records 
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Appendix  A  (extended) 


  Description  

The  ratings  for  PLUMBG  and  HTGAIR  were  added  to  form  a  single  regressor. 

PLUMBG  +  HTGAIR  +  EXWAL,  as  above. 

PLUI4BG  +  HTGAIR  +  EXTv^AL  +  GABML 

PLUMBG  +  HTGAIR  +  EXTV7AL  +  CABMIL  +  FLOFIN 

PLUMBG  +  HTGAIR  +  EXTVJAL  +  CABMIL  +  FLOFIN  +  INTFIN 


Ill 


APPENDIX  B 


Abridged  Computer  Print-out  of  Data  Matrix  and 
Correlation  Matrix  for  Variables  That  Appear 
in  the  Appendices,  Based  on  Program  ECON^ 


Data  Code 


Y-, 

■''■I 

•^18 

Xoe  = 

-    SITE  2 

Y 

TTYTIaTA  T 

■*-36 

fARMTT 
UiiDrlJ-li 

■''•20 

U  li  iX 

:    TOPO  2 

Yl  = 

Ym  = 

A  21 

■*-38 

=    TOPO  3 

^5 

=  nTC!TTi.fP 
UXo  irir 

A39 

=  DTHRSO 

A23 

=  DISTGB 

=  EXTRAF 

^7 

=  HTGAIR 

Xoi 

;,  •*-2l4. 

-    DISTUF  1  » 

Xl  n 

=    SOIL  0 

•*-8 

A25 

Xl  0  = 

=  872 

X9  = 

=  DTMSSQ 

=    AREA  W 

=  8723 

^10  '- 

=  QUNIMP 

X27  = 

=  EXQLK 

=    872 3U 

hi  - 

=  QULINX 

'       ^28  = 

=    NEIQL  2 

xu5  = 

=  8723ii5 

X12  = 

=  EXQBLA 

X29  = 

=    NEIQL  3 

=  87 

^13  ' 

=  SHAPEF 

^30  ' 

=    NEIQL  U 

=  EXDTUF 

Xiu  = 

=  SIZEFA 

%  = 

=  DTUFCU 

^ii8  = 

=  EXDTMP 

^15  = 

=  QUNBLA 

X32  = 

=  DTOPCU 

=  DATE 

he  - 

=  AGEIMP 

X33  = 

=  LOTSIZ 

Ho  - 

=  1 

X17  = 

=  DTUFSQ 

=  EXPAGE 

^The  original  ECON  regression  program  was  written  by  Mr.  M.R. 
Norman  of  M.I.T. 

See  Appendix  A  for  description  of  each  variable  or  acronym. 
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vO  O  O  O  p  Q 
rH  O  O  O  O  O 
•    •    ■    •  • 

UXIA  H  f-  H 
CJ       H  H 


vr\  O  O  O  O  O 
H  O  O  O  O  O 
•    •    •    •  ■ 

CM  CO  O  CO 

i-H  O  O  Cs  OS 


J  O  O  O  O  O 

H  O  O  O  O  O 

•  •  •  •  • 

O  H  O  H  H 

O  O  O  O  O 

H  H  H  H  H 


O  O  O  O  O 

H  O  O  O  O  O 

•    t    •  »  « 

^  oj  pd  O  O 

o  o  o  o  o 

H  H  H  H  H 


CJ  cvi       O  CJ 
H  H  vO  O  -^O 
•    •    •    •  « 

CvJ        CM  CM 


H  O  O  O  O  Q 
H  O  O  O  O  O 
•    *    •    •  • 

H  C^i 

O  O  OS  &\  0\ 
H  H 


O  O  O  O  O  Q 

H  O  O  O  O  O 

•    •  •    •  • 

^-  OJ  On  CO 
H  1-A  CTs  CN  O 

3  O  H  Ov  rH 

H  H  H  H 


CJ\  o  o  o  o  o 

o  o  o  o  o 

•     «  •     •  • 

H  H  On  On  0\ 


CO  O  O  O 
O  O  O 


O  H 
H  H  H 


O 


>-  o  o 
o  o 


80  o 
o  o 


CM  lAlAUM-Tv 


SO  O  O  O  O  O 
00000 
•    •    •    •  • 

\A  On  so  NO  NO 
CM  c^ 


lA  O  O  O  O  O 
00000 


-4 


-ct  O  O  O  o  o 
00000 


CO  \A  m  CM  UN 


<^  o  o  c  O  o 
00000 
•  •  •  *  • 

t—  ^-  t—  r-  t~- 


•H 
U 

-P 

S 
cS 

Q 


CM  o  o  o  o  o 
00000 


sO  sO  so  so  sO 


H  O  O 
O  O 


o  o 
o  o 


00000 
00000 

O  O  O  O  C\J 
■JS  XA  "LIMA  VA 
r->  r-*  H  r-{ 
H  CM  r^^lA 


113 


oooricooccono 


_    5  o  r  ,  r  o  i,  c  o  o  £  S  c  o  o  P  o     c  o  o     c  c  o  o  c  o  o  o  o  c  o  o  e  c  c 


ecoooooc.  ocof^ooooocccooroccoorocoocoocooooc-ooooooocoooooocoooo 

 _^:r^««-.*^,^.-^*-.r^^^■■r>onr.^^COC)Cr«oCOOO^^OCCecoOCOOOOCOOOO 


ceoooococ 


o       o  O  O  C  C  ' 


(^ooo  —  —  ooocc— oc— (ro(^— ooooo'Oo..oooo  —  — —  —  —  ■ 

OfcOOOOOoCCOCOO<>00'e3'OOOCO^OOOOOOOOOOOOi 


ooooooooccfl»ocooo*o^ooo 


ooccooooC)Ciocooeooc>oococ>oooccocc 
ooooocooccoccococcooooccoococco 

N^lC^c^o<\l^u^vO<focfvJC«0'C(y*^.oooc'^vJf^.'PJO^)^^o 
ooeococoooooooooeoooococioooocoo 


OCOOOOCOOOCOf^C'OCOOCCOC    CO  OOOO  cc 

C)  ccoococcoocoocooooooooccooooc 
•  •••••••••••••••••••••••*••• 

oooooocoooccoooooooooceoocoocso 


c 

■T 

C 

CC 

en 

<n 

tf 

N 

ir 

(?- 

4 

PJ 

«j 

fy 

O  "1 

c- 

M 

tfV 

N 

o 

IT 

e 

e: 

c* 

IT 

o 

4' 

OP 

<r 

r> 

ip 

o 

o  c 

o 

o 

o 

• 

<W 

r> 

(V 

(M 

n 

<y 

<\. 

10 

w 

n 

ru 

in 

ft; 

n  >n 

n 

n 

ooooooooooooocoooooooooooooooooooooo 

OOOOOOOOOOC'OOCOOOOOOOOOOOOOCCOOOOOOO 


oocoooooooocoooooooooooo 
occoooococoooooooooooooo 


OKCN(^COC'T'OOClO<\t>£iOir—  « 

oooo^oooc^oooooaoooe 


iff-ycooocooo  —  co-oooooocecoO' 


o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

c 

o 

e 

o 

o 

O 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

& 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0- 

« 

ftl 

IP 

« 

o 

ftl 

<■ 

ft; 

«0 

o 

r. 

in 

9 

an 

c 

"1 

■c 

o 

« 

o 

o 

o 

0- 

c 

0- 

o 

0- 

^. 

s. 

« 

ft» 

rr 

m 

r 

o 

in 

a 

o 

in 

k 

ftj 

<^ 

o 

o 

o 

IT 

•*) 

^ 

n 

ftj 

<€ 

K 

IT 

c 

X) 

(D 

CP 

ftJ 

e 

■r 

in 

in 

in 

in 

rr 

tn 

in 

n 

n 

■« 

j\. 

ftj 

o 

N 

ftj 

o 

ftJ 

ftj 

ri 

M 

•V 

o 

iT 

o 

l\i 

M 

c 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

ftJ 

N 

o 

ftj 

o 

o 

c 

in 

ftj 

tr 

o 

c 

o 

e 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

c 

o 

o 

o 

o 

e 

o 

c 

o 

o 

e 

o 

o 

o 

o 

e 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

r 

o 

o 

o 

o 

o 

o 

C 

o 

o 

o 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

c 

o 

o 

c 

c 

o 

c 

e 

c 

o 

o 

c 

r. 

o 

c 

e 

o 

r- 

c 

o 

o 

o 

c 

c 

c 

• 

• 

• 

• 

• 

« 

* 

IT 

to 

o 

0« 

IT 

■tf 

iT 

IT 

■c 

0 

* 

■4 

in 

tn 

IT 

m 

IT 

0- 

<?• 

o 

•c 

<n 

•o 

c 

•c 

-r 

in 

tn 

<0 

<c 

■» 

^> 

•c 

c 

o 

<0 

in 
ni 

N 

N 

w 

N 

ftl 

(M 

T 
ft] 

C 
N 

ooooooooooocooooooooooooooooooooooooooooooooocooooooooooooooo 

OOOOOOCOOOCCOOOOOOOCOOOOCOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOCOCOO 


n<-44'0O'-n'^'^ft)--  —  '^o«o'nftj--ftj*^*'^—  '^'n^rnnrn  —  —  —         —  —  -•  —  'onnrin 


ooooooooooooooooooooooooooocooocooooooooceoooocooooeoooooeooo 
OOOr»r>oooooroooDor)fiOC«oooocoor^rtOOOOooooOof)oocooocoooor(oooocr>ooo 

<»ftjinNirwin»njnftiP.inininft4w*4ftiinin«nftiinftjinintninininininintninininin(nin»nin(nu^ 


ooonoooooor»oooor>o<^ooor>r>ooo(^f>oc5Cnooooor>oc»noorir*r^oooor>ooooor»oooo 
oor»ooocoooooooor»oococjofioricor»C30coocoooooooooooooeooooooconooOo 


ooooooooooooocoooooooocooocoooooocoooococooooooooocoooooocooo 
orioocoor'ooc.coonoooooficcoooocioooooocooooooesooooooriorioooooocjooo 

4K4^■4^-^■4N^^.■^^■«^KC^^•^■^'N4tf#4^ff  44444  4^-44*444  444444444  9*^*^a<'^999«99  44 


oocooooooooooooocooooooooooooooo  oooooooooooooooooooooooocoo  00 

OOOOOOt'OCOOOOOOOOOOOOOOoOOOOOOOCOOCOOOOOCOOOOOOOOOOCOOOOOOOOO 

^ntnu^ftJ^^'CO^^u^^iU~'XX'n^nftJ^^<Dlnl^'^'^)a^lnln^'J>^n'na".  iruiiHftjpnn'n'n 


oooocoooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooocoOi*oooooooooooooooooooooooooooooooooooooooooooooo 


OOOOOOOOOOOOODOCOOOOOOOOCOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOO 
OOOOOCOOOOOOOOOOOOCOOCoOCiOOOOoOOOOOOOCOPOOOOOoOCOOOOOOOoOOOOO 


OOOOOOOOOOOOOCOOOOOOOOOOOOOQOOOOOOOOOOOOOOOCOOOOOOCOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOCOOOOOOCJOOOOOOOOOOOOO 

cooooooooooo  0000  00c   00  c  OOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOTCOOOC 

oooooo£jooooooococo4tro— t^onoc-cooocoooooooooooooocotnr-ooooooccoco 
'"J  n  «      in  -n  in  in  iT'  J"  c  *-  ^-  ri  "T  w  t'  c-      r;  —  —  r,.  '•J  *j  n  e      0".  ji  lO  '/I  'T  L'^  IT  ^^ 

iPininininirinininin'r-rirtfiiTtC'iif.c  0  ti  <  •C'^o^'C^'C^-oo'O'CiO'r^'O  ;'t<:4-Oiro'C>c^>«j  ^knks"^k^-»^nn 


^NiO^o  —  ftJf^.  «if<i)*'ff'?'0  —  iN'n4in\nKTi'^o  —  ftjn4iroNen'>o—  ft^'ntfr■o^-n':^o  —  ft,f^*lr>n^»Tf^ 

^■■4«^-*  —  —  —  —  —  ftj(\jfyf\jfMry(yfv;'yMn'n'0'n'n'n'nMfO'*i4  4  4  t  ^  *  *  44  4tntninininintr(f-'nin*  ierio>o>oo 


iiU 


ooo  ooco  CO  oc     oooooococcoococcco     oc  ocoeo 

oocvooooor>oocc'cc»r'C'COooor>ocoooooof'Ooroooor«oooonf^c*ooooooooctf>oooo 


OOCOOOOC-TI 


«c  n  ft.  *c  If 


4  —  ivnnir(r<>foirftic*ffoo<o 


eooeoooccoooocooooeoooocoooooooooooooooooooocoooooocoooeooooo 
ooooc-ouoocoooooooooorioc'C'cioooocoriOccooooocoooooooooooocooricoon 

(^>i^ffC^<^P■oo«^JCyNn  —  ©(Tory  —  n—  ^J^'pJ^wfy^^oo-■  —      —  —  i^^"^*  —  0^ 


ooooococooooooooocooooceoocoooocoocoooooococooooooocccooooooc 
ooooooorooocoooococooooooooooooooocecooocoooooocooooeoocooooo 


—  -•-*ocff»0'00'ff'C>oooo•oo'Oc^O'0(^0'^^^^r>-ooc•t^el^oo^^o^y(^flOC<^o^cK(^(po^•co^•o<^^^a>a 
ooooooooooffO'(^<^(T■oo(*of^oco^^(?'(^o«<^^>^^<^oooo'o^TOoa'^'c^e»a^co^op'(?oc?o>coo(^!^co 


oooocoooooeooooeoocoooecocoocooooccooooooeooooooooooocooooocc 
ooooooocooccccoooccoriocccoooococooocooocccooococcoooocooooooo 


ooooocoooo(^JOO^^JC^;^ooc<co^^J^^oo^»^coco(^J^lOooc>ooc(^J^c>oo{\^^^*^u(vo1^>«^J'^■*o 
oooooooocooooooooocoooooooooooooooooooooroooooco  —  oooooooooooo 


oooocoooooooooocooooooooooooooooooocooooeoooooooooooooocooooo 
ooooooooocoooooccoocoocoooocoooooooooooooooocooococoooooocooo 

ooo  —  OOOOCOOOOOChOOO  —  OOOC  OOC  OOOOO'—  0{^0000  —  t?—  O  —  tr  —  —  OO  —  O  —  (yOOfJO-O  —  OO  — 


ooooooooooooooooooooooocoooooocooooooooocoooooooooooooooooooo 
ooocoooooooocooooooooooooooooocooocooooococoocooccooooooooooc 


ooooooooooooooooooooooooooocoooooooooooooooooooooooccoooococo 
oooocooccooooeocooccocooooooocooocoooooooooooooooooooooococoo 

•--••--*-•  —  -  —  fticyfvto     w  (c  —  —  —  <oco;n<v     m        o*ccin     eo     cm  —  OMcmM  —  oowD— ir 

ftjM  ^  RiW—  —  ^CV:  —  —  ••NCy—  (\l 


oooooooooooooooooooooooooeooooooooooooooooooooooooooooooooooc 
ooooocooooocooooc^oooooooooe>oooooeor»oooococ*oooonoooooooooor>ooo 

rjrt'nnpinfo'T^^c  —  o  —  — '^^O'*'"'^-'0iooooooo?'<  rOfig  —  wio'^'^-"— ooo'^-'<^-*-«*(?  fti^o-T  —  e  —  w 


Ooooocooooooooooooooooooooooooo 
ooooooonoeftooriof^oooooriooccnnooo 


oooooooooooooooooooooooooooooo 
oor»or>r»oooooor)oof500oo«ooooooooo 


or»ooooOr>or»ooo  oooooooo  ooooo  nooorir>or)Oonnooooonoooooooooortnoooon 

oc)OcicioOf»ooooeoocooor>ooooooof>corirtOoooor»r»oooooooooooocoooor>oooo 

th«i/*n.fTf>(j'*»»ftf>i\niC'0  ifin<£n<iCntn>i^  —  oniTf^n^in  —  oiTtn  —  «ni/)—  — ri<r«r)>c  —  tpn>trtr>  —  n  —  fo  — 

♦  #<*«i-*tf*n*»n  —  —  —  OF1*— *-**<E*****^****«(\i(i!0'nna;'nt\ii'C0">  —  —  03fy#  —  —  (rofln*a>nty  o 


ooooooooooooooc*oooooooooooooooooooooe>ooooooooooooooooooooooo 

OOOOOOOO  OOOOOOOOOoeoOOOOOOOOOOO  OOOOnOOOOOOOOOOOOOOOOOOOOOO  OOl 


4  tf       4^  «  4  « 


oooooooooooooooooooooooooooooooooooooooooooooooeooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
JIJJJJI''**'*'  •  ••••••  •  •  


ooooooooooooooo 
ooooooooooooooo 

•  ••««•«••• 


oooooooooo  ooo  ooo 
ocooooooooooooco 

•  ••••••••••••••• 

^s^•K^■^-x^•^-^■^•^^,^.^.s 


ooooooo  ooooooo 
oooooooooooooo 


oooooooooocooooo 
oooooooooocooooo 

•  *•••••••••••«•• 


ooooooooooooooo  oo  ooo 
ooooooccooooooooo  ooo__  - 

*•  •••••••• 


SSSSSSS^^SSS^^^'^^^^^^'^^^^^^^o^ooooooooooooooooooooooooooooooooo 
nr^^or.or>^««^«,^^^  oooooocoooooooOoooooocooooooooooocoSooooo 

•  -  ---- 


—  ——  —  —  ——  ————  —  —  (Vf(M—  <M  —  —  •«*«>^  —  —  rj  —  —  M 


o  o  o  O 
o  o  o  o 
»o  n  T)  m 


I  O  o  O  I 

>  O  O  O  I 

ooo 

OOO 
m  n 

K  S 


o  o  o  O  O  c 

o  o  o  o  o  o 

n  1*1  iP  K  K. 

K  S  N  K  K 


^-  m  o 

O  i£  <fi  ' 


loooooooooooooooooooooooooooooooooooooooooo 
ooooooooooocooooooooooocooocooooooocccooco) 
•••••'••••••••••••••••••••••••••«••••,,,,, 

OOiriOOOOCOOOCOOOOOOOOOOOOOOOOKoOOO'^OCOOO'^OOf 
OinNooOOCOOOOOOOOoOOCOOOOCOOO-OOOOOlToOOOCoO) 

^-^.'roo---u',  tr.ri)^.o/<'^o(v''^iriNcrr*intnif.  riooooo'vij^rf'iPtn-or'. 
K^Nj^  TtrxtEa)ccffm(rff'  SI  CO  (T.  3c^ac^0c^ccoooo-•  —  —  ——  —  —  -  —  )-—  rifxj' 

2:!D:^*''^''^'*''^^*^~'''-'^*"^'«'^T'5'0-fy-i«tf)t)NT^o—  rjr)«'r^N<r'»o  —  ■ 

o<oaJcD<n(oa)^IiwlO^^(^^^(^c^ff<7«^(^0'oooooooooo  —  —  -*  —  —  ——  —  -.-f«M< 


o  o  o  o  o  o 
c  ooooo 


M  W  <\J 

(V  (\j  ry 

(P  «i>  N 

ftj  fti 


or     CO     coo     e     cr      c     ocr     ooocccoococ  oo 
ooi^rtcccoorccoeorcocc^cocconcoccoccoro 

ocK>ococ«i  —  rtotro  —  -•cinc*-'\jnceir'Oft<R>  —  —  —  —  ••'^oif^o 

ocooocoocooocooooooooccooocoooooocco 

OOnCOOOOCOCOOf^OCCOOOOCOCOOOfiOCCOOPOO 

eocff^oiTbiirff"  —  ^or*  —  5»*<f'^^'yc—  (voofpoci'leooar.'y 

—  —      —         —  —  —  —  —  w  —  —  —  —  —  w—  PJ  —  —  p-w  —  wwrj—  <w(y(V 

ooocoooocooocccocoooocooroocooooocoo 
oococcocoocoocooooooooccoocoococoooo 

ooocccoocoeoeocoooooococcocooooccoco 
oooococooccoo  cocoocococccoooooc  ococc 

oooooooc— cooooccocoocoooooooococo  —  cc 
««•»»«••••••■•••••■«••••••••••••*••* 


ooocooooocoooooooooocooccooooo 
Ooococoooocooooooooooqocoooooc 


IT) 

»o  *  e 

IT 

«c 

o 

T 

s 

o 

<r 

(J* 

o 

IT 

m 

e 

(V 

■n 

O 

O 

N 

M 

o 

o 

o 

o 

o 

o 

fj 

M 

e 

o 

COO 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

u  o  o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

O 

O 

W  —  --  --  --  '--^- 


n  c  * 

(T  o  tr  c 
o     c  (0  <M 


.  n  in  K  cr  lii  . 
fv  m  <v  w  fV' 


^  ^  c  c  ^ 


OCOCOCOOOOOCO' 

©ooooooooocoo 


OOOOOOOOOOOOOOOOOOOOO' 
COOCOOOOOOCOOOOCOC  COO' 


—  —  oo  — 


(^  o     o  —  <  ' 


O  O  C"  o  o  ■ 


oooooccooooooooooooooooocooocoooooco 
Ooocor-.  oooooooo  oooooor^riooooooi^ooocoo  o 


r>nooo<^oor»oooor>ooooonooooor>ooooortoooo 
ooocoooc  ooo  oo  OOOOOOoOOOOOOOoOOOOOOOO 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
ooooorvocoooooooooonooooooooooortooooo 


«  N  * 


0  in  o  0  9*^0' 


foxtnnoinco'^ciir.  <c 


ccctOfnooooor-mnDno 


oooooooooooooco 
ooooooooooooooo 


^££C>^'£>C<:COcC'C<£<£>OX<0<C-OtCi^>COO>Ctr>>CX.«0'C^Ooo<(.D>^ 


ooococcooooooooooooooooooooooociooooo 
cooooocoooooooooooooooooooottoooooooo 

ooooooooooooooooooooocoocoocoooocooo 

OOOCOiDCC'OOOOoOOC-OCCiCOOOOOUOOOOOOOOOO 

t^oo^^l^'^-T.  o'^Tj*->iP'r  —  .re—  c  oootdi-^oooocou".  oooo 
(H''j'^n."^'nri/>tfiJ^'C^iO»P^^eta)'>oo  —  —  fgrgrn/tinir.  CNKtofC  —  n 
hj(\jNftjNfurjfyt\jAjryfs;fNjri'\(WN''Jrj'nn'*lfO'^i^fn'^'^'*)f^p>n'*l''>*tf 

eye  —  rv^o-tfinxNtfi^o  —  c\irr*in  j^'^ti?'0— (M/n*^.  o^-cc'>■o  —  r.'p^ 

<y(yr)'*i'^nf^^'^'*>'On*  *  **«**iniriininu"'tntninirtn*^O'0 


INiOOOOOCOOOCC'COCCOCOOOCOO 

fiooocooooooo  oorceoocotf^oo 

©■♦CC****^*^  **C<*(?*«?'nN  —  <T''0 
W<>^**->.«  —  «'M«<N«  f^OtMfVI*'—  <M<Mnm« 

—  ccoooooooooopeooooooooo 
Fioooooooooocoroooooooooo 

fy  f\(  «-.».»-—■•-■  —  (>)*\J  —  —  —  —  —  —  <  —M-** 

KtninuiiOiniPiTiP     N<y«j«fycy»nnN  —  wn 

c 

fnoooocooooocoocooooooooo 
ooooooooooocooooooooooo 

(VOOCOCOOOCCOOOCOOOOCOOOO 

ooooooooocooooc  oooooooo 

CD  O  C-  O 

fUOOOOOOOOOOOOOCOOOOOOCOO 

oo  —  oooooo>«c  oooo-«ooooooo 

NtflN^iO^OJWtMftlO'O'ftiff'fftyNN'PN—  WiCin 

CO  ooo  o  c 

(MOOOOOOOOOOOOOCOOOOOOOOO 

—  OOOOOO  —  O  —  "•OOOOOCO**  —  OOO 

If.  ^t-^t/itOiC  —  (yNo(CO'0"Cir***on(Nio<yn 

o(\jMN*n'^(vi'00'«'*iftJfti<>Jtn«  —  n  —  ftiro'n 
^  «  o 

MOOOOOOOOOOOOOCOOOOOOOOO 
NOOOOOOOOOOOOOOOOOOOOOOO 

»noooooocooocooococococoo 
wooooooooooooorooooooooo 

inK)0>osoc«oo<coirN«««4^«<oo'On«in 

wooooooooooooor>ooooooooo 
ftiooooooooooooooooooooooo 

—  oooooooooooocooccoooooo 

*\(000000  OOOOOOOOOOOOOOCOO 

—  -.nnfn(yry«(yO—  — mif'O'Oinftiinfuin'n* 

oocooooooooo  OOOOOOCOOOOO 
tyOOOOOOOOOOOOOOOOOOOOOOO 

—  £>Ctc»c>0'fi'£  r-o-  >50o  —  —  c'Oino-  —  —  ^ 
CO  —  nrofifnirO^n^x- (>cco»(>nfy  fy©* 

COOOOOOOOCOCO  OOO  ooooo 
mOOOOOOOOOOCOOOOOOOOOOOO 

0)  O  o  o 

■-ooooooooooooooooooooooo 

oooooooooooc  —  ooom—  ooooo 
koooooooooooooqooooooooo 

—  OOcjOOoOOOOOOOOOOOCOOC'OO 

—  (\r'^*iniaKoo«o  —  fy'0*in«KaDOo  —  ftif^ 

««—  —  —  —  —  -aMMCStMM 


116 


ocooooocooooooooooooooccooc'ooocoooor'ooococor'oocooooooooooeooc 
occ«oC'OCCrcooooortoooooonnoroocoococr>roccr'r''^c*<^occocconoor'Ooccfo 

*****  ***  «sc«*uiiririruiirir«i<otr'**npnt^  —  >c^—  irtr-fiirrntPiTirtf^irtfiriririPtri)******!©^ 
^•-■■M«««**«**^MM(\i(\,(>jnjrg(>jAjrvftir^c\i****>(ViP>'»>-fONri<-**(\jfvirvjNnjni(v}<\jr\jiNiN 

rncJMfM  KK      Kf-^ftiM_  —  ^-.-.«  —  —  ^^.^.-^n^'rPJ(^Jf"  —  —  ^'r*^  —  —  —  —  —  —      —  —  —  «(V  NN-KKKftlNK 

ocoooocccoooococoooeoooooocooccooococooooooccocoooooooooooooo 
cocooooooccocoooooocooocooooocooocoocoooooceooccoocoooooocooo 

ooocoooooooooooooooooooocoooooocooooooooooooooooooooDOOocoooe 
ooooooooooooooocoooooocoooooooooooooooooooooooocooooooooooooo 

ooooeoeooooocoococoooooooooooooocoooooooooooooooocooooooooooo 
oooooocooccoooooooocooooooooooooooooooooooooooooocooooooooooo 

o  o  o  o  o     o  o 

eoooooooooooooooooooooooooooooooooooooooorooooooooooooooooooo 

••OOOOOCOOOOOO^OOOOOOOOOOCOOOOOmmOOOOOOOOOOOOOOCOOOOOOOOOOxOxx 

^^oo»»^^^■^*fn«;^*'Ow^c^;^I^rv(Nf^JO^■CJ«<!fnn(^l^cc^«w^•^Krf«*^.^.^.^-ft;Nn^.t\|ftJ^^*N 
«i<N|fti«icyNWNN(vjfy(yt^rjwWfyc\;wcytvftj(yfti{\iNir!r(y^(ypgftiWN^f.i(vjrvj(V 

o  o  o        o  o  o 

ooooooooooooooooooooooooooooooooooc^oooooooooooooooooooooocooo 

00000-«-"OOOOOOOOOOOOOeOOOOOOOOOO""00  —  oooooooooooooooooooooo-^o  —  c 
«^i(^^'(0(>ln  —  (VNPy  —  N—  poooooO'COocoP'(\j'^cp*uiopj*Nft!(5.*oory<yft:'nNftj<\j'^frnoc*w  —  N 

oooooooooceoooooooooooooooooooooooooooooooooooooocooocnoooooo 

OOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOnoOOOOOOOOOOOOOOOOOO 

ooooooocoooooooooooooooooocoooooooooooooooooooooooooooooooooo 
oooooocccjc»c>ooooc3oooooor»ooooor>oooooooooooor»ooooo«ooor)or*ooooo*^o 

lft'0*C«fKNir**K***«'CNh-SNKKKKKNN**i)^*(r.O'0a.NN*0*D'0NNNNKNKKNNf-«h.****O'0N* 

OOOOOOOOOOOOOonooOOCOOOOOOOOOOOOOrtOOOOOOOOOOOOCOOOOOOCOOOnooO 

K«fl»njs******^***rf»^iftinu^inmirtiniAU^trift**^.K(*-towi  —  inu^^R.i^in.rifttnirH^iriotrtif,  tftrfi*^ 


OOOOOOOOOOOOOnOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOO 
•••••••••••••••••••••••••••••••••••»•«•,,,,«,*,,,,,,,,,,,,,  , 

#fynfti-*ftiiflin-tf>ininmfn***«*******inir**nspjwK**n*************ry-'nirinin>owin'n 


oooSooooocooooooooooooooooooooSoooSooooooooooooooooooSoooocSo 
•*  •*•••••..•.•,  

«o«-^„_oooooo--ooooooooooooooo---o-oo-ooooooooooooo-.--ooo-.--- 


^  OOOOOO  OOOOOOOOOOOOCOO  o        OO        OOOOOOOOOOOOO  rtOO 

ooooooooooooooooooooooooooooo^ 
oooocoooooooooooooooooooooooooo 

5  s  2  s  s  s ;  s  s  s  s  s  ^  J  J  s  5  s  s  X  s  5  J  s  i  i  ^  s  s  3  s  5  i ;  ^  i  s  i  J  5  5  ^ 


*iO«CKeco>o-fyn*in<iNero' 


ifMn*in^N'ff'.f>o. 


117 


oooocoocnooooo 


oococcoocooooocooocoooooooocoeoooooocoooocoooooooocoooooooooo 
ooof>oooooocooeoooooooooocooortooor»r»oonor»oficooooroocor»oocooooc»o 

oooooooeocooooooooonooooooooooooooooooooococoocoooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

o  e  e  c  o 

ooooooooooooooooooooooeoooooooooooooooooooooooooooooocooooooo 

oooocoococoooooooooooooooooooo  —  oooooocooooo  —  oooooooooo  —  —  o  —  ooo 


o  o  oo©o      o      oooo      ooo  OOOC  COOOO      OOOOOOOOOC  O  OOO 

ocooooooooooooooooooocooooooooooooooooooooooooooooooooooooooo 

ooo  —  00C00000-«00  —       —  —  O—C  —  —  —  —  O—  —  —OO  —  —  —  —  OO—       —  —  •"O-,*-—  —  —  —  — —  —  oo—o  —  —  •« 


o  oqoo     r*     oooo     o     oo     o     ooo     ooo  ooooooooooooooooooo 

OOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOCOOOCOOOOOOOCCUOC'OOOOOOOOO 


•  OOOOOOOOOOO' 


««-«No««9o>^«9C^tf«o<viift«NKir)y^^o«oO'rou^'nc'ir-<r)-'Of^rg«riri(\j<>o^C(Nio«<cnMO-*ein**iooe«i 
•  *irNoinif>(rin  —  —  ir  —  »«<^fya*aocriPir-oC(Min<>*-*MO(Otr^»oonoc<N'0'aK  —  ciCKS  —  i^oKn  —  ooK-«-«rt 

«NftNnrg(^NM(siAiNnsnNeN»AiiA«N0«Co'^ft''«oinfvnn.-innr)ncvA*tfioNnio«nir««ir«Nie«iOAiAN 

mfg'«^(M  N-«on  •••• 


ooooooooooooooooonooooooooooooooooeooocooocoooooooooooooooooA 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC  OOOOOOOO  OOOOOOOOOOA 


oeeooooeoo  oooooooeooooeooooeoooooeooooeeoe  ooooooooooooooooooo 

oortonooooo  ooooor»onooor>r»rtoooooooooo  ooooocortnoooor^nooooonooooOA 

KKK»KK^KKK^•NNNKln»o««9«tf)oo'0<o««<^ln^•««»oo>K(^10lONOCKKtfr»N««KK9oc<^^•ot|(t 


oonoooooonooooooooooononoonooooonAneooonnooortonoooonrtoooonoOA 

ooooocooooooocoonoooonnocoortooooooooooooooooconooooooocoooooe 


•a 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

e 

o  o 

O 

o 

O 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

O  r» 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

e 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

« 

« 

« 

# 

« 

« 

* 

« 

eu 

m 

n 

« 

N 

€, 

^^ 

■n 

« 

« 

« 

tft 

K 

o- 

« 

(n 

K 

O 

> 

m 

K 

m 

« 

N 

« 

K. 

oooooooooooooooooooooooooooooooooooooocoooooooonooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooqooooooo 


o  p  — 
^  ^  «  « 


OO  OO  OOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOCOOOOUOOOOOOCOOOOOOOOCOOOOOOOOOOOOOOOO 

OOOmmoOOOOOC---*^-**'-*'-*-*--""  —  '*'*-"'^-"-***^  —  -'  —  ••■•^-••■^^•■^■•-•••'••■-'■••■^•--••■.•••■■M 


OOOOOOOOOOO  OO  ooo  oooo 

oocoooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


-■■"-•00<«*««>-«-»««m00—  oooooooooooooooooo  —  oo-«ooooo-«oo*«oo— ooo«*o-«oo—o*«o 


ooooooooooooooooooooooooooooooooooooooooocooooooooooooooooooo 
oooooooooooooooooooooocoooooooooocooooooooooooooooooooocooooo 


c  «       «  9  I 


m«C«0«— 


^  o»  ir  ♦  < 


IT  C 

N  «  ♦ 


C000099990^(^»99000OO0000O*  —  M«'«^  — 


118 


J  M  IP  tP  O 


OOOOOOOOCOOCCOOOOODOOOOOOOOOOOOOOOOOOOOOO 


I  o  o  o  o  o  o  < 


^cooocooocoooooeccooooooooooooooooooooooooo 
^ococooocoooocc  ocooecoccooooooc  cocooooooco 


o      O  O  C  O  o  c 

ooooooocoooooooooo 

*iOwM*«M*««.000&OOOOCO 

ooooooooooocoooooo 
oooocooooooooooooo 

oooooooooooooooooo 
Ooocooocc  ocoooooco 

oooooooooooooo  oooo 
oooooooooooooooooc 

OOOOOOOOOOCCOOOOOO 

oooooooooooooooono 

Ooor»oooor>noooor«rt  oo 
oooocooooooooooo  c  n 

ooooooooooooocoooo 
-OOOOOOOC  oooooooooc 

oooooooooooocooooo 
oooooooooooooooooc 

<0(VJ«l*(Di!M(DX  ^ftjONCOflCO^OflO 

ooooocoooooooooooo 
ooooooocoooooooooo 

•••••••• 

o  o  o 

oooooooooooooooooo 

oo-*ooooooooooo— oo  — 

Oooooooooooooooooo 

oooooooooooooocooo 

—  CJ  —  —  —  M——  ^^.^-V^^fV. 

>0^•a:n  o  —  pj'n«i/i'f'^(poo  —  m"* 


ITCCOOC'COOCOCOOCCOCOOCOOOOOCCCCCOCOOCCOOCOC 
*OOOOOOOOOOOOOCOOOOOOCOOOOCOOCOOOOOOOOCCOO 

Ol*l(^tfl*cc•-tt>oc«ooOrv;C^'^<■<^^\l^J(^JC*ooonM♦oc^o*o-•^^'C*'0 

eooooooooccooococcooococoooooooocooooooooo 
*oooooccooooooccooooooooeooooooooooocooooo 

t^oooooooocoooooocococoocoooooooooooooooooo 
■tfoooocooooooococooooooooooocoeoooocoooocoe 

in  —  c-oc  —  'Cwp'-*in(?'  —  —  TK^e  —  iPC'NOKff'e  —  r-*>ctr  —  fv— in  — 

(MCOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOO 
^OOOCOCCOOOOOUOOOCOOOOOOOOOCOOOOOOOOOOOOOO 

m4NhI^J«(^^^^J*eC(^J«*—  oryw*{Cfyoi^oftiF>*evi<r>JC!*ir»x«rw'\Jc\iC\.'(y 

o  oooo         oooocoo  ooocoo 

^oooooooooooooooooooooooooeooooooooooooooo 

•"000000*-0——o-'00-**'***««***-"0000000-*-"-*0»«"*-*00000 

OOOOCOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOO 

♦  ooooooooocooooooooooooooooooooooooooooooe 
ooocoooooocowooofywr>ooinoo*ootrMntV'0<M'P(r'Oooc>o>c 

NO0>C'<>ir—  OWO  —  O*  <r  MN—  ^o*N'CW*(VC«C'0>-'*MO'0«r>0'(>N'<  N 

<vjr)     N     — riPj  —  n      n  —  -•>n'0     —     m     «n^(^ro     —  —  i-r^n 

cooooooooooooocoooooooooeooooocooooooooooo 
i*iooor>r'rtor>oortoooor3ftctocoor>GOcnr>ooooooor>QOorio 

oo  —  ccin  —  *^-'^cr>o<fK  —  in'^tficD«i/i'*K^«CD^-fyo«irifi'^  —  &  intr*iro-'o 
<D(^o(^*'^Klo-*f\Jlf^^J^^oco^■©•*■•n  —  —  -'  —  -•Ofitf'C*Ncn*<K-4-«nSKK 
(y     —     —  —     —  —  fwftj^     «     M  ^«.  —  ^  fu  ^.t-. 

'HOOOOOOOOOO'^OOOOOOOOOOoOOOOOrtOOOOonOOOOCOfi 

oor»rvr>or»nr>ooooo-"  —  ooor>  —  oooooori<^-«oor»r»oooooor) 

^'0  ooo  o  ooo  o  o 

f^ooooocooooooooooooooooooooooooooocooooooo 

—  oooo  —  0-«0«-000-'OOOOmOOmO-40000  —  ooooooo  —  oooo 

■Cf«j*{>'C?'Bir^ir»L'iff'f\;ryinoocot.'>Ksff'*T'^— K*(\j'/i(\iO'0fy(\itfff>in--0'O 
'^iCini/i'CtnN'Oj'iooooinoNNO^oO'inNvCina'Ceo  —  ^incTinintfiiTciOh-N 

(POO  o  ooo 

mooooooooooooooooooooooooooooooooooooooooo 

o  —  o— oooooooooo  —  ooooooooooo  —  ooooo—  ooooc.*oo 

«50  —  no*^  —  NONfnpjwooo(\<ooN0}(M(CKsoinin  —  —  oooooooD—  ooo 
n  o  <.  'n,f)r«fntfi'^'0-^.£ionr)(\joc  "i  —  rj—  foft^oinui^coooooooon*  ooo 

OOOOOOOOOOOC—  ooo  —  —  OCOOOO  —  OOCO  —  —  —  —  —  —  —  CO  ^  —  M 

noooooooooooooooooooc.  OOOOOOOOOOOOOOOOOOOOO 
rooocoocoooooocoooooofjooocoocooooocooooooo 

fsjtf''noroociocooT^f',nooo—  coojiomwif.  oooTooajD^fnotnoO 
Kfy  —  fn  —  o'n(nno(joNTNo#oo^oo*ftt<'J-f\;«ft^oN<o'>-N-.  —  OO  —  ft.' 
'fl«Pfy«^ji/^oKooiPor-5ir««'?'Tu"'n'0(?  —  —  u-iKa,con*.0'^"»«ftjo<fsc* 
c  TiCT'aff—  ct^ooof^Ja'ffc':3C^^(p''C7•—  (^irnc^  af^otro-cjnjotJO'b?'  —  o 

—  r>]n*in'e>^ff7>o--*;ro*ir^^coo-''j'n4ir,  jiKa;?o  —  N'n'tfinoKSf^o  — 


119 


—  ^^--ijiiOin»nincin«io  —  —  iruitft—  —  —  —     —  —        —  —  in  —  iTtf^inw^tnin— iT  —  —  -•o»---*-  —  —  —  —     —  •••-#0(ft 

ooooooooococoooooooooocoooooooooooooocoooocoooooooccooooooooO 

oeocoooooooooocooooooooocoooooeoorooecoooocoooccooocooooooooo 
ooooocoooooooocooooooooooooooooooooocoooooocoooocooooocoooooo 


ooocoooooocoooccooooooooooocooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOCCOOOOOOOOOC'OOOOOCOOOCOOOOOCOOCOCOOOOOOOOOOOOOOO 


ooocooooooooococoooooocoocoooooocoooocoooocoooooooooocooooooo 
coooocooooocooooooooocooccoooooocoooocooccccooocooooooooooooo 


oooocooooooocooooooooooooooooooooooooooooooooooocoooeeoOeoooo 
ooooocoooooocoooocooooocoooooooocoocoocoocooooooooooocoooooeO 

ff  co<*r  c        —  —  ONt»e*p.  —  ry  —  wier  —  c  —  —  —  —     —     —        —  fy^  re  >pfyirft;c»  —  oo(C<niff*ire«KN«*c«^ 


oooocooocooooooooooocoooooooooooocoooocooooooooooooocoooooooo 

OOOOOOOOOOOOOOOOOOOOOOUCOOOOCOt^OOOOvOOCQOOCOOOOOOOOOOOOOOOOOO 


oooeo  ooooo  o  eoo 

ooooooooooceococoooooooceoAocooooocoooooooooooooooooooooooooo 

oooooooo  —  —  oo  —  —  oo  —  ooooooooooooooooooo  —  —  —  —  O—  OOOO  —  OOOOOOOOOOO  — 


ooooooooooooooooooooooooooooooooooocnooooeooooooooooooooooooe 
nooooooooooonoooor^^AoooocckOOOOnoocoonocoooooocoooneooonoooooo 

tfat(ViCS'cccir'f'0'^oooco49'cc^'vj(Ctf'9>oo<Nf(S<->ooonir(rr.  ^ocotT^rv^oofflc^AooTocftiooo 
^niftic  —  ^oo(V(«Kctf*o  —  co'^otfo*^  —  o  —  —  r«c  —  o«f«ocO'C  —  —  (vionroofy*oK  —  —  no^'Os'NN'Ooo* 
nnno'^r»o»n  —  —         — «— n^rin*^- —  nnnn(\i(\i'^N(\:(VN—  «tn      —  — '^n— Nnfv,f\,tfini«innnwM<vfyr«i  — 


eooocoooocoooooooooocooooooooooooooooooooooooooocoooooooooooo 
ooooeoc^noonnoocrooooooooortortooonooonnnooooononortoi^nonnonoeoooo 

OOCeoOCSICCNKOK<tKOKK.OC'^OKKKtATKK^<£<Cr}O4^NnKtninorr99(MOC««<Ain4)«tf>«CCK««0 
Nr-N<#KN«««a  —  <r«fg9  —  ^  —  —  OOK  —  —  —  —  on  —  —  e>CCa«*^'M  —  —  —  n(Vl4><0«C0>O—  0'0>0>0>f^N9  —  —  NO—  o 
^  —  —  —       ■       -       —  «  —  —  M        —  -  —  -  —  -  M-  -        -  -  (\J  -  -  W  — 


eeococc>ooooooeooeoooooo  noooc  onoooooooo  oooooooonoooooooooooooo 
ooonrtnoononr'  —  ooon(^oooonAononnnooortr»rtoonrtnoonoAri<^noonf%r»(>OoonA<i« 


o         o  ooooo 
oeoAOooeoooooocooooecooooooortOOonnoooortoooooo 
•  ***•••'**•••••••••••••••••••••••••«••••■••*• 

OOOOOOOOOOOOO  —  OO  —  OOOOOOOOOOOOOOOOOC  —  oo  O  —  —  —  —  oo 


oooooo  eo 
oonooooeoooooeooo 

OOOOOOOOOOO-a  —  O 


ooooo  o  o 

o^^ooooooo  ooooooooooooooooo 

■**•*•*••••••••••■••  ••••*■-. 

•  ooooo  — —  oooooo 


ooooooooo  —  —  —  o 


o  oo  ooooo  o  o 

ooooooooooooooooooooooooeeoooooooooo 

'*••**••••••••••«•••••••••••••••»«#« 

Doo  —  oooo  —  —  ooooo-  oo  —  —  —  — ooooooo  —  oooo  —  o 


S2S2°2S2S22°'^°'''°"'^°°'''°°ooo*=>°o°oooo»'^-oooo^^'^*ooo-irtooooooo«i*»ocK- 
oooooooooooofvjpnrotroo«oooooooooooooin<*tncoo'ntfi«j-ooo«J>ooooooo5»5io-NS 


o  o  -  —  —  -  —  • 


o  9  (^  o  o  ^  • 


IT  O  'T 
^>  IN 


'  o  o  o 

'  o  o  o 

«»  ♦  o 

-  o 

.p  rf* 

X)  o  <> 


«  ♦  «  IT  Ift  Ift 


OOCOCOOOOOOOOOOOOOCOOOO' 
OCOOOOOOOOOOOOOOOOOOOOOl 

coooincoorijootO'O'O^oCirin^^iOoi 
<roM^ootrrg(>^Koooo—  ooo>oi 

ft  *  it>  <ti       V<>0—  Nn«irf^3*90  —  (^1 


o  o  o  < 

O  o  O  I 


n  P'  c-  T 


o  o  s      c  o  0>  I 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

e 

o 

o  o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o  o 

• 

• 

•  • 

o 

o 

o 

o 

o 

in 

tr 

<0 

o 

tn 

<0 

iT 

o 

o 

o 

o  e 

• 

o 

o 

o 

o 

0 

m 

c 

(\4 

o 

ni 

o 

O  G 

♦ 

« 

<tj 

« 

o 

o 

o 

m  o 

•> 

« 

o 

O 

o 

o 

o 

o 

N  o 

« 

tr 

« 

o 

« 

r 

o 

—  *>» 

c 

c 

« 

« 

c 

9 

9 

9 

9 

o 

o  o 

120 


**•*•••••••••••••••• 


COCMiCN'T*-  —  rip—  PC-'.fh  vPCS* 

coonri<r*or"o>ooooo  ^rf'COiT* 
**•■••••••••••••«,••• 


•  ••«••••••«,•••••••• 

oooeoooooooooooooooo 


•  ••••••••••••••#,,•» 

ooooooooo  ooooooooooo 


ooooooooooooooooooooo 


ooeoooooooooo 
ooooooocooooo 
•  •*••••■«•••• 


oooooooooeoo 

OOOOOOCOOOOO 
•  •••••••••«• 


OOCOOOOOOOOO 


OCOOOOOOOOO 

ooooooooooo 


OOOOOOOOCOOOO 
COOOOOOOCOOOO 
•  *•••••••••*• 


ooooooooooooe 
oooooocoooooo 


cooooocoooco 
ooooooococco 

*••••••••••• 

(y  —  "Cn-c^cno  —  cv.-  — 


ooooooooooo 
ooocooooocc 

fu*NO(\is-*<oeO(ft 


OCOOOOOOOOOO 

ooocooecooco 


ooooococoocoo 
coocooooooooc 

O-ftifT^CO^tf^lfiOOf^O 


OCOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOCO 


ooooooooooooooo 

OOOCOOOOOCOOOC/O 

^rN-CK  —  iTK^KKiricpiriNO 


OOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOO 
■*** 

i^Otf>eO(n'0*inc*irNtr(rir 


OOOOOOOOOOOOOOO 

oooocoooooooooo 

**•••••••••• 


©ooooooooooo 
ooooooooocoo 

•*flO«-'(\J<yO'ff>  —  NOD  —  cy 


ooooooooooooo 
oooocoooooooo 

•••••■•••■••a 

^(^OWKOOJofl-o-ofyo 
nnn*  n-**  n  n  n  n  n  ^ 


oooooooooooo 
oooocooooooo 
■  •••••••••«. 

OCD  —  tOaMf>flf»irN  f^CD 


OOOOOOOOOOO 
OOOOOOOOOOO 

0>N-<rf\jh-oKa;KKn 


oooooooooo  ooo 
Qooooooooo  ooo 
•  •*•••••••••• 


ooSoSSggo§§?SoSo§SSoSg??Sggg§gg§gggg°^;°°gSo°°o°oooooooooooooo 

 •  .'2*^*^*;^*^"«<^c>ooocoocooooooooocoooo 

—  o**©—  o  —  «--to  —  o—  — -<o—  —  —  —  J-—         —   •  '  ••  •  •  *  •  •  • 


^^PS^'C'OOOOOOOOOOOOOOOC 
OOOOnrtnoOi-i<-s(-tr^^A<^n  n  —  ^^  — 


^S^SSSSSJ^^S^^^^o'^ooooooooooooooooo 

OOC^OOOOOOCOOOt-rtnOOOoOOOOO^^QOn^SSS 


i  O        O  o  O 


•   •   •   •   •   •   «   •   •   ,    .   ,   ,   ,   ,   ,    ,  .....^,'^';°°"'2"""C)ooor>oooc<^oor>Ooooo 

■  «0  C  o  —  o  w 


o^fya)fn*co*-iCifi.-  —  (MfMir  —  -   .  •   ■   •   •  •  •   •   •  •  •   •  •  • 


^  r-j  \r  tr.  <c 
■O  "0  C  m  ry 

hj  ftj  —  (y  fU 


o     o  ooo 

OOOOOOOOl 


 oo^__^_000  O-Oo^oZlAAAlXAZAAooZlZiooio 


—  O 


OOmOmmmOO 


*•••••••• 


fy  —  —      —  ojfyfu 


•  •••••••• 


occorns*<«"r»o 
••••••••• 


•  ••••••• 

—  fy  —  —  pj«— (v, 


?'*->O(VftJC0»O 


ooo**roin*o 
—  —  ft.ooty^cin 
•  •••••••« 


ooo     o  o  o 
oooocooooo 


o  o  c  o  o  o  o 

•■••••••••a 

.o-«oo-«ooooo 


Soo§oogSooogg§ooooloSgog§og§Sc 


oo  —  -^oco  —  — 


'O    —  •40-*M0-'Mf->0< 


ooo  ooooooooo 
oocoooooooooo 
•  •••■••••«•«• 


•  ••••••• 

oooooooo 


(ViOK  —  (t    a^OO  — 

X—  cvj  joinruOlO 

••••••••a 

COOOOOO  —  O 


MOU"—  r-<NOU1  — 

xoir<«'';-«ioo*'C 
o  —  ooooo  —  oo 


00P*0(\Jf\j00 

oo-nox  —  —  o 
•  ••••••• 

•"■oq  —  ooo-* 


—  O  OOOmO'M 

lCo<^c^o<oo  — 

0m00'40-«0 


o«o  —  —  infyroo 
oo  —  ocoooo 


OoOOfyOfyiNC 

oocrtucDocjajo 

•  •••••••a 

OOOOO-'OO-a 


o  o  o  O  O  O  O  I 

O  O  O  C  O  O  C  ' 

•  •••••• 

O  tO  o  o  o  o  o 

O  00  O  (f)  O  (P  o 

N  K  K  T>  O  \C  IT 

*  tJ  O  DO  C  'M 

-■^  *  in  -C  N  (D  0  ' 

O  O  O  O  O  O  o 


O  O  iP  o  c  o 

o  "n  N  o  t.  o 

T  ■0  K  K 

"O  Cy  fg  ^ 


I  o  o  o  O 

o  o  o  o 

O  O  l/>  fT 

o  ifi  fy  o 


'SS22°^°<^°<=*oc.oooooooo 
■  oooooooocoocoo-jocooo 


ooo 
o  o  o 


If  '  O   LI  O         IT  IT 


'  o  o  o  o  o 

O  O  ^5  IT  in 


I  fj  ^,  «I  If)   ,0  N  (D        O  — 


oooi/ioinooryocoo 
00-.  oc  —  oouo 


O  O  O  I 

■0  o  r  • 

•NJ  O  X 


I  ry  fy  N  rg  ftj 


O  O  O  o  o 

o  o  c  o  o 
rj  O  rj  * 


*  ^  -O  I 

*  *  «  ^  *  <  < 


o  ■*  <\j  n 

tft  o  O  O  4} 


121 


ooooooooooooo 

lOOOOOOOCOOOOO 


ooooooooooooooooo„ 
ooooooooooooooooooo 


OOOOOOOOOOOO  ooooooooooooooooo 
'-^'^"OOOOOOOOOOOOOOOOOOOOOOOOOO 


•    •    •    •  •    ■    •    •    •    ,    ,    ,,,,,,""^"°^"°*^'^OOOOCOOt5  00000000000000oO 

«nifis(ftoin»ooO(\joni-o<»<ois.O'--.cinmK<»»uir«.JJI  '   '  '^J!  


^    *  •  —         'J  ^  1  J,    ry  ti, 


Ul  >0  ^  <r  f>  C 

I/)  (Ti  m  in  i/)  ^ 


122 


ooooooooooooooooooo 
ooooooooooooooooooo 


ggggggggggggSgggggSSggggggggggg^ 

S  ~  S  S  S  2  S  S  J  S  £  2  S  C  S  S  ?!  K  ?  S  ?  ^  S  ^  ^  I  g  2  ;;  S  -  g  -  2  -  2  S  i  -  2  2  n  °  ^ 


«  S  2  S  S  S  S  S  J  2  s   ?  5  K  ^ S  ?  °  5  ~  5  S  £  5  5  S  S  g  - 


123 


ooooooooooocoooooooooooooooooooooooooSoS. 


r>  «*  ^-  m  K  uj 


22£2??°°°°''°°°°°''''°°°°o"°°°°"coooooooo 
ooooocoooooooooooooooooooooooooooooooo 


,.4 


12U 


a 
z 

3 


< 
X 
w 
< 

I 

a 

n 

K 
U 
X 

z 


3 

i 


(VJ  -  < 
O  O  1 


I  O  O  ■ 
O  O  < 


I  o  o  < 


I  o  o  o  o  o  o 


oooooooooooooooooooooocoooo— o 
It  II  II 

OOOOOOOOOOOfpOCYOOCOOOOCCip^OCtOC 
flO  —  M  —  o*  fk,«  —  r^o^-tfC—  <D  —  ^n(Mn(yp»ioOn<yc* 

ooooooooooooooooooooocooooooooo 
'III        II      III      II      I  I  I  I  I  I  I  I  I        I  I  I  I 

oooooooccooococoooooccocoocooooo 
lilt        I  I  I  t  I  I      II      t  I  I  t  I  I  I  I  I  I  I  I  t  I  I 

ooooooooooooooooooocoooooocoooooe 
It  )  I         I         II         II  I      I  I  I  I  I 

OOOOOOOCOOOOOOOOOOOOOOOOOOOOQOOOOO 

II  I  <  II 

oooooooooooooococooocooocoooooooooo 
>   '  I    I    I   I  I    I    I    I    I    I       r    I       I    I    (    f    I   I    I    I   I   I    I   I    I    I  t 

ooooooococoooooooooooooooooooooooooo 

'II  II  II  I  I  I  I 

OOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOO 

•         I  I  II  II 

OOOOOOOOOOOOOOO—OCOOOOPOCOOOOOOOCOOOOO 

III  I  II  , 

ooooooooooooooooooooooooooooocooooooooe 

ooooooooooocoooooooooooooooooooooooooooo 

■III'       II  I   1   I   I  I   I   I   I    I   I       II       I    I   I   I   I   I   I  II  III 

•••••••   ••••••   ••*•••••  •••• 

ooooooooooooeoooooooooooooooooooooooooooco 

ooooooooooooooocooooooooooooooocoooooooo 

I       I   I       I   I       I  I  I  I  II 

oooodoooooooooJoooooooooooo'oooJooooooooooo 

'  '        'I  'I  II        II  I     I  I  I  I  I 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC 

II  I        I  I  I  I        III  I  I      I      I  I  II 

ooooooooooJo'ooooooooooooooooooooooooJooooo 
'  I        I    I    I  II  II 

oooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooo'oooooooooooJoooo 
'  I       I    I    I  I  I 


♦  in 
no* 


o  o  o 

t  I  I 


o  o  o  o 


cn  o  o 

-  I  I 

ri 

(/)  c  N  m 

T  -O  *  *  I 

>-  •   •  • 

to  O  O  O  I 

"  I 


:  r : :  ?  ^  J  H  H  ^  H '  I  ^  ^  °  ^  -  =  5  •  r  r, c  3 - -  u "    ,  ? 


n  en  u.  y  »  x 

y  w  D  3  - 

^.  ^  ».  <  <  I 

(fl  (fl  1/1  1*1  Uj  o 

—  —  —  K  CE  X 

O  O  O  UJ  <  UJ 


•  •••••••• 

OOOOCOOOC 

I 

OOOl-tOOOCOO 

I 

•  •*«••  ••••• 

ooooooooooo 

nootnoooooftiAjo 
«••••••••••■ 

eococcooocco 
t  II  I 

«••*••••••#•• 

eoooooooocooo 

-•CfMw*—  fintyrjn  —  oo 
•  **«•••••••••• 

ooooooooooooco 

O  —  ♦-^NOM  —  *-*n  —  *  -  - 

oooooocoooooooo 
I  I  I  I      I  III 

«  —  o  —  (voO'-^^'Coipcrccctn 

oo-*oooooooocoooo 
I 

••oo— ty  —  (voi£  —  —  ooowoo 

oooooooonooooortoo 
I   I  I  II 

oooooooooooocooooo 
t  I      I  I  I   I  I  I   I  I   I  I   I  )  I  t  I 

OOOrtOOOCOOOOOOOOOOC 

ofti  —  rjo—  fyo'ntnrorjfyfy  —      —  rj-.— 

oooooooooooooooooooo 
II         I  I 

oooooooooooooo  OOOOOOO 

ooooooooooooooc  ooooo  oo 
t  I  \ 

ooooooooooooooc  OOOO  OoO 

♦  ift^WlT'O  —  O-*«»r  —  «0O0i^*D'^(\)*(j>.C 

••-*^fn-.{yftj  —  (\jO<a)-tno  — o  —  —  n— o 
Oooooooooooooooooooooo 

III  ) 

f0ftin3>»nn*-n,-y**'ON(ym  —  N  —  c  «o 

oooooooooooooooooooooo 
III       II      I   I   I   (   t   1    I   I    I   I   I    I   I   I  r 

♦  -•^>fyrjffi(06"C  co««fn-<ooO'*'ns  — c 

"•••0*0  —  —        —  eg  —  OfuO-,-.(\J«ry^OO 

oooooooooooooooooooooo 

•  II  III 

•C(^ec7■tCfVJK^.*^.f^J^^.^c^a.  fiin—iTCTi 
D.-otno-fy  —  OfNjrypynOK—  —Oo  —  ♦O'o 

oooooooooooooooooooooo 

•       I  II 

NOoNio«in'^'^NiOow'>  tfinintfy  —  M  — 
oooooooooooooooooooooo 


o  o  . 


0  o 

1  I 


o  o 
I 


o  <o  in  CD  <o  I 

O  K  S  K  (y  . 


—  o  o  o  o  o  o 


oooooooo 


3  I 


**"**-'t55fc-nN.ftr    n    7*-  —  ry(\jry(\j 


IT  II 
«  *  ^ 

n  "1     ^  I 

fy  M  (\j  r\j  , 

N        K  N  K  X 

e  ^  cc  on  o  uj  : 


APPEIOIX  C 


Abridged  Computer  Print-out  of  Scatters  of 
Selected  Regressors  and  the  Regressand, 
Based  on  Program  ECON^ 


Data  Code        ^      '  '  \  '  - 


The  variables  in  each  scatter  are  coded  by  acronyms.  Se 
Appendix  A  for  a  description  of  each  variable. 


The  original  ECON  regression  program  was  vrritten  by  Mr. 
M.R.  Norman  of  M.I.T. 
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APPENDIX  D 


Abridged  Computer  Print-out  of  Matrices  and  Statistics 
for  the  Selected  Multiple  Regression  Equation, 
Based  on  Program  B?ro  0311^ 


Data  Code 


H  - 

--  SALEPR 

=    NEIQL  3 

X2  = 

=  QULINX 

X-LQ  = 

=    miQL  h 

^3  = 

=  QUNBLA 

= 

--  LOTSIZ 

=  AGEIMP 

=    SITE  2 

H  - 

=  DISTMP 

Xi3  = 

=  QUNAUX 

X6  = 

=  DISTUF 

xm  = 

=    DATE  (Deleted) 

X7  = 

=    AREA  W 

^15  = 

=  DTMPSQ 

X8  - 

=    NEIQL  2  ■ 

Xl6  = 

=  DTUFSQ 

^W.J.  Dixon,  ed.,  BMP  Biomedical  Computer  Programs, 
University  of  California  Press,  Berkeley,  1970. 

bSe  e  Appendix  A  for  description  of  each  variable  or 
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APPENDIX  E 


Abridged  Computer  Print-out  of  Matrices,  Statistics 
and  Graph  of  Actual  Versus  Predicted  Sale  Price  for 
the  Selected  Multiple  Regression  Equation, 
Based  on  Program  ECON^ 


Data  Code 

The  variables  in  the  equation  are  coded  by  acronyms. 
See  Appendix  A  for  a  description  of  each  variable. 


•Jt    •'.t    '         /■         I  J 


^he  original  ECOH  regression  program  was  written  by- 
Mr.  M.R.  Norman  of  M.I.T. 
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APPENDIX  F 


Abridged  Computer  Print-out  of  Plot  of  Residuals 
Against  Actual  Sale  Price,  All  llegressors  in  the 
Selected  Multiple  Regression  Equation  and  a  Time 
Variable,  Based  on  Program  BMP  02R^ 


Data  Code' 


^1  = 

=    SALEPR  ■  ;  .;.  ., 

=    MIQL  3 

=    QULINX    .  .  ■• 

Xio  = 

=    NEIQL  h 

=    QUNBLA  ^.c.' 

Xll  = 

--  LOTSIZ 

-■  AGEIMP 

Xi2  = 

=    SITE  2 

^5  = 

=  DISTMP 

^13  '' 

=  QUNAUX 

=  DISTUF 

=  DATE 

=    AREA  W 

.     ^15  = 

=  DWSQ 

X8  = 

=    llEIQL  2' 

Xi6  = 

=  DIUFSQ 

Dixon,  ed.,  BMD  Biomedical  Computer  Programs, 
University  of  California  Press,  Berkeley,  1970. 


^See  Appendix  A  for  description  of  each  variable  or 


acronym. 
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APPENDIX  G 


Abridged  Computer  Print-out  of  Siimmary  of  Results  for 
Key  Regression  Equations,  Based  on  Program  ECQN^ 


Data  Code  -  ■ 

The  variables  in  the  equations  are  coded  by  acronyms. 
See  Appendix  A  for  a  description  of  each  variable. 

'  'Sr. 


^The  original  ECON  regression  program  was  written  by 
Mr.  M.R.  Norman  of  M.I.T. 
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